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EPORTS of the use of bacteriophage 
in cases of Staphylococcus aureus 
septicemia in recent years are en- 
couraging. Unfortunately, the small 

number of cases treated with bacteriophage, 
and the lack of controls in most of the series 
heretofore reported, make it difficult to draw 
definite conclusions. In this paper we are re- 
porting a series of 36 unselected and consecu- 
tive cases of Staphylococcus aureus septicemia 
treated with bacteriophage and comparing it 
with a series of 54 unselected cases over a 10 
year period which were not treated with bac- 
teriophage. 

In 1925, Lawson reported a series of 38 cases 
of hemolytic Staphylococcus aureus septice- 
mia with 31 deaths, a mortality of 80 per cent. 
In 1936, Scott reported 68 cases of hemolytic 
Staphylococcus aureus septicemia, 8 of which 
received bacteriophage. The 60 patients who 
did not receive bacteriophage were treated 
with one of the following agents intravenously: 
colloidal solution of iodine, metaphen, arsphen- 
amine, gentian violet, and acriflavine. There 
were 49 deaths, a mortality of 81.6 per cent in 
this group of 60 patients; while in the group 
of 8 patients who had bacteriophage, there 


were only 4 deaths involving a 50 per cent 
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mortality. This is a small series, but perhaps 
a significant figure. In 1932, MacNeal and 
Frisbee (4) reported 15 cases of patients who 
received bacteriophage, with 8 deaths. As one 
of these patients died long after the blood cul- 
ture had been repeatedly negative, it may be 
omitted in computing the mortality of 50 per 
cent. In 1936, these authors (6) reported an- 
other series of 100 cases treated with bacterio- 
phage prepared in their laboratory, although 
many of the patients were not seen by them 
nor were they under their immediate control. 
There were 75 deaths or a 75 per cent mortal- 
ity. In 1933, Dutton reported 12 cases in 
which patients were treated with bacterio- 
phage. As he states that 5 of these cases may 
not have been true septicemia, they have been 
omitted in calculating the mortality of 14.2 
per cent, or 1 out of 7 cases. There are addi- 
tional reports of single cases throughout the 
literature. These are of little value and will 
not be discussed. 

In none of these series is there any specific 
data as to the potency of the bacteriophage. 
MacNeal and Frisbee (5) mention that it is 
important to use a phage which is potent against 
the organism causing the infection. However, 
their criterion of potency is the ability of the 
phage to clear or lyze the culture of the organ- 
ism in liquid media. 











We were first encouraged to make a com- 
prehensive study of bacteriophage therapy in 
staphylococcus septicemia by the successful 
demonstration by Dr. MacNeal of its use in a 
desperately sick patient in the Presbyterian 
Hospital in 1932. During the succeeding 6 
years one or more of the members of our staff 
in the Bacteriological Research Laboratory of 
the Department of Surgery of the Presbyte- 
rian Hospital have seen and treated the 36 pa- 
tients whose cases are included in this report. 

As the clinical features of cases of Staphylo- 
coccus aureus septicemia are well known, those 
found in this series will be only briefly men- 
tioned. Every one of these cases fulfilled our 
criteria of septicemia, namely, the typical clin- 
ical picture plus a positive blood culture. They 
all had the usual high spiking temperature 
with leucocytosis, except in 1 case of aleu- 
cemic leucemia. In every instance the patient 
was desperately ill when first seen by us. The 
portal of entry for the organism in these cases 
is greatly diverse and in some cases entirely 
unknown. 

TREATMENT 

The treatment in this series is divided into 
3 parts: (a) local, (b) systemic or supportive, 
and (c) intravenous bacteriophage. 

In a recent paper on septicemia, one of us 
emphasized the responsibility of the surgeon 
to find and approach the focus of infection as 
soon as a positive blood culture is obtained. 
The continual seeding of the internal organs 
puts a tremendous load on their bactericidal 
function and the longer it is maintained, the 
more likelihood there is of establishing metas- 
tases which cannot be reached. This principle 
of finding and draining the distributing focus 
whenever possible was followed both in the 
phage treated cases and in the control series. 

The local treatment consisted in finding and 
opening widely localized foci to insure ade- 
quate drainage. In addition to drainage the 
wounds in this series were irrigated daily with 
saline and bacteriophage applied freely to all 
parts of the wound, either with a single daily 
dressing of a pack of fine mesh gauze saturated 
with bacteriophage, or by delivering it through 
Carrel-Dakin tubes which had been placed into 
the wound and brought out under the dressing. 
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The systemic treatment in these cases con- 
sisted of the usual supportive measures used 
in overwhelming infections. In our series; 
transfusions were given for definite indications 
only, such as, progressive anemia, low serum 
protein, or some other abnormality of the 
blood chemistry. In a study of reported cases 
we find no real evidence that transfusions 
carry over any immune substances for staphy- 
lococci from the donor to the patient. When 
anemia occurs, however, the addition of red 
cells is important. 

In giving the bacteriophage intravenously 
the following procedure was carried out in most 
of the cases: As soon as a positive blood cul- 
ture had been reported to us, the organism 
was immediately tested for susceptibility to 
our stock bacteriophage. However, as this 
often requires 36 to 48 hours and since tests 
have proved that about 95 per cent of the 
staphylococcus organisms which we have re- 
covered from various acute lesions in humans 
are susceptible to one or more of our stock 
bacteriophages, we do not delay treatment un- 
til this report is ready, but start the intrave- 
nous therapy with one of the stock phages. 

In order to minimize any reaction we give 
our first day’s treatment in divided doses over 
a 7 hour period as follows: Starting with o.1 
cubic centimeter in 1 cubic centimeter saline, 
the phage is given in increasing doses at in- 
tervals of 1 hour in the following amounts: 
0.1, 0.25, 0.5, I, 2, 3, and 4 cubic centimeters 
diluted 10 times in normal saline. If at any 
stage there is a reaction, the injections are 
stopped and resumed after 8 hours with the 
next smaller dose than the one which pro- 
duced the reaction. If reactions occur, fur- 
ther increasing of the dose must be done very 
cautiously as it is probably best to keep the 
daily dose below that one which produces a 
constant reaction. If there is no reaction to 
the series of injections given the first day, 5 
cubic centimeters are given the next morning 
and 1o cubic centimeters in the afternoon. 
The dose is then,cautiously increased by 5 
cubic centimeters for each injection until the 
patient is receiving 50 cubic centimeters a day, 
or until the blood culture is negative and the 
temperature normal. If the desired result is 
not obtained with the dose of 50 cubic centi- 
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meters a day, it can be increased gradually to 
100 cubic centimeters daily. In some cases it 
is better to give the larger quantities in 2 di- 
vided doses at 8 to 12 hour intervals. How- 
ever, we have on occasion given the larger 
amounts in single doses without any untoward 
effects. The preceding outline of the method 
of administering intravenous bacteriophage 
was employed in most of our cases. However, 
in patients acutely ill, with high colony counts 
in the blood culture, or with evidence of in- 
volvement of the internal viscera such as lungs, 
kidneys, or pleura, we often were forced to in- 
crease the size of the dose more rapidly. 

In our early experiences with bacteriophage 
we used relatively small doses and were not as 
certain of its potency as we have been in re- 
cent years. We have, therefore, divided the 
cases treated with bacteriophage into 2 groups: 
those treated before October, 1936, and those 
treated for the 2 years after that date. At 
this time we not only increased the amounts 
given, but we put our criterion for the potency 
of our phage on a much sounder basis. 


DOUBLE POTENCY TEST 


In 1935, two of us, Jern and Meleney, de- 
scribed a new method for testing the potency 
of bacteriophage. Our previous criterion for 
potency was simply complete visible lysis in 
our savita broth cultures. Tubes showing 4 
plus lysis were filtered and the phage used. 
However, when a loopful from these tubes was 
plated on 5 per cent sheep’s blood agar, it was 
frequently found that growth would develop 
on the blood agar plates, showing that the 
organisms were not completely killed by the 
lytic process. Now the organism is first tested 
in the usual manner in a liquid medium, 
savita broth. We have found savita broth, 
which is low in protein content, much more 
favorable than asparagin as a culture medium 
for bacteriophage and more effective clini- 
cally. The tubes are incubated for 24 hours, 
after which all cultures showing complete clear- 
ing or 4 plus lysis are reinoculated on sheep’s 
blood agar plates. These plates are then in- 
cubated for 24 hours. It is necessary for them 
to show no growth before we consider the or- 
ganism completely susceptible to our phage. 
Thus the potency of the phage is demon- 
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TABLE I.—RESULTS OF POTENCY TESTS 
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4+ = complete lysis. 1+ to 3+ = partial lysis, 


strated not only in the broth, but also on the 
blood agar plate. If there is complete, or a 
4 plus lysis in the tube and no growth, or a 
4 plus on the plate, we call it “double po- 
tency” phage. 


ANALYSIS OF RESULTS 


The results of the potency tests in these 
cases are Clearly illustrated in Table I. As 
there were only 7 cases of the 15 in the early 
group, in which the plate test for potency was 
run, the results of this test have been sum- 
marized as a whole. 

There were 21 cases in the entire series 
which gave a 4 plus tube test and a 4 plus 
plate test. Of this group 16 patients survived 
and 5 died, a mortality of only 23.8 per cent. 
In the group of 13 cases which gave a 4 plus 
lysis in the tube and either less than a 4 plus 
plate test or were not tested at all, there were 
10 deaths, and 3 survivals, or a mortality of 
76.9 per cent. If, on the other hand, we con- 
sider the small group of 5 cases which gave a 
4 plus tube test and less than 4 plus plate test, 
we find the mortality to be 80 per cent. The 
case which showed only a 2 plus lysis in the 
tube and the remaining case in which phage 
was given but was found to produce no lysis 
in the tube each had a fatal outcome. 

There can be little doubt in those cases in 
which the test on the plate showed no growth, 
that the clinical results were considerably bet- 
ter than in the other cases. In the former, 
we know that we were using the most potent 
phage which could be produced against the 
organism infecting the individual. In the lat- 
ter, the phage may or may not have been the 
most potent that could be produced against 
the organisms in question. 





TABLE II.—DOSE OF BACTERIOPHAGE* 

















Smallest dose, Largest dose, Averane 
c.cm. c.cm. 24 hour 
= dose, 
24 hour| Total | 24 hour} Total —_ 
1932 to Oct., 1936 | | 
Survivals 5 | 10 | 4° | 536 5 to 10 
Fatalities 0.95 0.95 35 | 205 
Oct., 1936, to Oct., 1938 
Survivals 10 go 270 2520 |30to 50 
Fatalities 10 _10 | 10 150 | 


*Data incomplete in a few cases not included. 


We have found it practically impossible to 
estimate accurately the duration of the sep- 
sis before bacteriophage was given. Many of 
the cases, both among the survivors and the 
fatalities, had symptoms which indicated bac- 
terial invasion 10 or more days before the ad- 
ministration of bacteriophage. Nine of the 19 
survivors, or 47 per cent, had positive blood 
cultures for at least 3 days before receiving 
treatment, while in the group of 17 patients 
who died 12, or 71 per cent, were known to 
have had a positive blood culture for at least 
3 days before starting bacteriophage. There 
seems to be little doubt that the longer viru- 
lent organisms persist in the blood stream, the 
more likely they are to develop secondary ab- 
scesses in the viscera. Consequently, the im- 
portance of early and persistent administration 
of phage in cases of staphylococcus septicemia 
cannot be too strongly emphasized. 

Prior to October, 1936, our dose of phage 
had been what we now consider very inade- 
quate both in the amount and in the potency 
of the phage administered. As previously men- 
tioned, there were 7 cases in the early group 
of cases which received our double potency 
phage. However, the quantity given was very 
small and probably insufficient. In the late 
group not only were larger doses given, but 
every patient received the double potency 
phage. Table II shows the doses of phage 
used in these 2 series. 

It is seen at once that in both groups the 
survivors received more phage than the fatal 
cases. In the early group of cases, with one 
exception, the maximum daily dose was only 
35 cubic centimeters with an average daily 
dose of only 5 cubic centimeters, and the total 
maximum amount given to any one patient 
was 205 cubic centimeters. The exception in 
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TABLE III.—SITES OF METASTATIC 
ABSCESSES 
Later series 
No. of No. of 
survivals deaths 
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this group of cases received 40 cubic centi- 
meter doses and a total amount of 536 cubic 
centimeters. It is also an interesting fact that 
this is the one case in which the patient had 
more than 6 positive blood cultures after 
starting phage and is one of the 4 survivors 
in this group. 

Subsequent to October, 1936, we began giv- 
ing larger doses of phage. In this group there 
are 21 patients. The maximum amount given 
any one patient in a 24 hour period was 270 
with a total amount administered in a single 
case of 2,520 cubic centimeters. The average 
daily adult dose was about 50 cubic centime- 
ters varying according to the condition of the 
patient and the persistence of the positive 
blood cultures. In some cases we have found 
it advantageous to continue with intravenous 
phage for 5 to 10 days after the blood culture 
has become negative. 

Many of our cases showed metastatic le- 
sions. Table III lists these metastatic foci as 
found. It can be seen that the cases with 
metastases in the viscera carry a much higher 
mortality rate than do those with the second- 
ary lesions in the bones and joints. It is also 
interesting to note that in the group of ear!y 
cases only one patient with a known metas- 
tasis survived, while in the later group me- 
tastases were found in all but 4 patients, leav- 
ing at least 11 with metastases who survived. 
The significance of these figures becomes ap- 
parent when one realizes that in 14 of the 17 
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deaths, metastases of the viscera were found 
either at autopsy or operation. It stands to 
reason that if seeding of these organs had been 
prevented or stopped earlier, these abscesses 
would have been less likely to occur. It is our 
belief that bacteriophage given intravenously 
plays an important part in preventing these 
metastases. If this is so important, the neces- 
sity of starting early vigorous treatment with 
bacteriophage cannot be overemphasized. 

The time of seeding of the internal organs 
with subsequent abscess formation may take 
place early in the course of the disease. This 
point is clearly illustrated by 4 patients in 
this series who died within 8 days after the 
onset of the first symptoms. All of these cases 
came to autopsy. Abscesses were found in the 
lungs, liver, and kidneys of all. In some, me- 
tastases were also found in the spleen, thyroid, 
pancreas, and endocardium. However, there 
are cases with a known sepsis of considerably 
longer duration which either never developed 
these abscesses or they subsequently cleared. 
As it is impossible to predict which patient will 
and which one will not develop these abscesses 
early, it seems advisable to institute bacterio- 
phage therapy at an early stage so as to min- 
imize this possibility. The fact assumes an 
added importance when one realizes that all 
of the 11 cases which came to autopsy showed 
metastases in the viscera. In 4 of the remain- 
ing 6 fatal cases which did not come to au- 
topsy, abscesses were found in the subcuta- 
neous tissue, bone, joints, or muscle, either at 
operation or by aspiration. In the other 2 
cases which did not come to autopsy no me- 
tastases were clinically demonstrable. The roo 
per cent incidence of visceral metastases in all 
11 of the cases, which were examined post- 
mortem, makes it reasonable to suppose that 
most, if not all, of the cases not examined, also 
had visceral metastases. It is our belief that 
once these visceral metastases have been well 
established the prospect of recovery is greatly 
prejudiced. 

It seems to be more difficult for staphylococci 
to gain a foothold in certain organs and tissues 
of the body than in others, and we assume that 
the resistant organs or tissues have some de- 
fense mechanism against the organism. But 
even in resistant tissues the defense may be 
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TABLE IV.—SUMMARY OF FINAL RESULTS 





No. of No. of No. of Mortality 

Time of treatment cases survivals deaths per cent 
Before Oct., 1936..... 15 4 II 73-3 
Oct., 1936 to Oct., 1938 21 15 6 28.5 
ja eee 36 19 17 47.2 
re 54 10 44 81.4 


broken down by an overwhelming seeding of 
virulent organisms. Anything which can di- 
minish this seeding will minimize the number 
of metastatic foci. The mechanism of bacterio- 
phage action has not been clearly demon- 
strated. MacNeal believes that its chief ac- 
tions are to stimulate leucocytosis and to render 
the organisms more susceptible to phagocyto- 
sis. We have some indication also that it di- 
rectly destroys or injures organisms in the 
blood stream. This evidence will be presented 
in a subsequent publication. 

Table IV summarizes the results of the en- 
tire series, dividing the cases into the 2 groups 
which have been described previously. In the 
group of 15 early cases there were 11 deaths, a 
mortality of 73.3 per cent, while in the later 
group of 21 cases, there were only 6 deaths, a 
mortality of only 28.5 per cent. In the entire 
series of 36 cases, the mortality was 47.2 per 
cent or 17 deaths. These figures are consider- 
ably lower than we have been able te find in 
the literature, even for cases which were treated 
in a similar manner, except for Dutton’s small 
series. When these are compared with our 
control series of 54 patients with 44 deaths, 
or a mortality of 81.4 per cent, the contrast 
is quite striking. It leaves no doubt in our 
minds that those patients who received bacteri- 
ophage fared better than those who did not 
have the advantages of this therapeutic agent. 


ANALYSIS OF FAILURES 


A review of our 17 unsuccessful cases brings 
out some interesting points which show the 
importance not only of.establishing the diag- 
nosis early in cases of staphylococcus septi- 
cemia, but also of starting bacteriophage as 
soon as the diagnosis has been made. In some 
cases it will be necessary to take daily blood 
cultures in clinically suspicious cases if the 
diagnosis is to be made at the earliest possible 
moment. In 26 of our cases there was a delay 
of 10 or more days between the onset of the 
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first symptoms of sepsis and the taking of the 
first blood culture. In 22 cases 3 or more days 
elapsed between the first positive culture and 
the starting of intravenous phage. 

Either as a result of this delay or due to the 
overwhelming nature of the infection 7 of the 
17 fatai cases were semicomatose and practi- 
cally moribund when they first received bac- 
teriophage. None of these cases showed the 
slightest response to the treatment and all of 
the 7 patients died within 24 hours after the 
first dose. There were 4 patients who died be- 
tween the first and sixth day after starting 
phage. Three of these were in the earlier 
group of cases and not only received small 
doses of phage but phage of lower potency 
than that given in the later series. The 6 re- 
maining fatal cases all survived 6 or more days 
after the initiation of the phage therapy be- 
fore succumbing to their infection. All but 1 
of these last 6 cases belong to the earlier group. 
Of the 6 deaths in the later group, 4 occurred 
within 24 hours after the first dose of phage; 
1 lived 3 days, and the other died on the fif- 
teenth day. It will be of interest briefly to 
summarize these 6 fatalities in the large dose- 
high potency group: 


CASE HISTORIES 


CasE 1. E.M., aged 35 years, female, white. The 
patient was admitted January 13, 1937, to the Insti- 
tute of Ophthalmology with a 2 day history of cellu- 
litis of the upper lid of right eye. The abscess was 
incised and drained on the day of admission. Blood 
culture January 14 revealed hemolytic Staphylococ- 
cus aureus. The patient was given 24 cubic centi- 
meters of bacteriophage intravenously on the night 
of January 15. She was acutely ill and semi-coma- 
tose at this time. On the morning of January 16 
definite signs of bilateral cavernous sinus throm- 
bosis with meningitis were present. Continuous in- 
fusion of bacteriophage was started. Temperature 
rose to 108.6 degrees and then fell to 103 degrees 
in the afternoon. However, in spite of vigorous 
supportive treatment the course was progressively 
down hill and she died on January 16, exactly 5 
days after the onset of first symptoms. 

The principal postmortem findings were acute sup- 
purative panophthalmitis, bilateral; bilateral acute 
suppurative thrombophlebitis of cavernous sinus and 
internal jugular veins; acute suppurative leptomen- 
ingitis; abscesses in lung, heart, and liver; acute 
splenic tumor, and lobular pneumonia. 


This was an unfortunate case of bilateral 
cavernous sinus thrombosis, resulting from an 


infection in a dangerous area of the face. This 
patient received bacteriophage early in the 
course of the disease and promptly after the 
first blood culture. The rapidity of the proc- 
ess suggests that the unusually virulent organ- 
ism in a particularly vulnerable spot in a sus- 
ceptible patient made the outcome inevitable. 


CasE 2. H.H., aged 52 years, white, male. The 
patient was admitted to the urological service of 
Presbyterian Hospital January 21, 1937, for persist- 
ent fistula at the lower angle of the suprapubic 
wound, following prostatectomy on November 10, 
1936. He was cystoscoped with difficulty on Jan- 
uary 22, 1937. No reaction took place until Jan- 
uary 24 at which time he had elevation of tem- 
perature to 104 degrees. Temperature continued ele- 
vated spiking through ror and ros degrees through- 
out the remainder of life. Blood culture on January 
30 showed hemolytic Staphylococcus aureus. An 
indwelling catheter was inserted. The patient was 
given a transfusion, 250 cubic centimeters of whole 
blood on February 1 and February 3. His course 
rapidly became worse and the patient was practically 
moribund on February 4, when he received 50 cubic 
centimeters of bacteriophage in 500 cubic centimeters 
of normal saline intravenously. Pulse and temperature 
fell but the clinical picture did not change and the 
patient expired on February s. 

The principal autopsy findings in this case were: 
Bilateral acute and chronic pyelonephritis; false pas- 
sage of urethra; acute bacterial endocarditis, tri- 
cuspid valve; pulmonary embolism (infected) bilat- 
eral; bilateral infarcts of lungs (infected); abscesses 
of kidneys, bilateral; thrombophlebitis of pelvic veins. 


This was a distressing case developing on 
the wards following a cystoscopic examination. 
There was a delay of 6 days after onset of first 
symptoms of sepsis before a blood culture was 
taken, plus a delay of 5 days after first posi- 
tive culture before the patient received bacte- 
riophage. The entire duration of sepsis was 
probably about 12 days with early appearance 
of metastatic lesions. The delay in diagnosis 
plus the delay in the use of phage may have 
played a réle in the outcome of this case; the 
patient promptly developed an endocarditis. 

CasE 3. S., colored, male. The patient was ad- 
mitted to the surgical wards at St. Luke’s Hospital 
with a carbuncle on back of neck. Following incision 
and drainage the course was entirely satisfactory and 
the wound healed. On the day before he was to be 
discharged he had a chill. Blood culture at that time 
showed hemolytic Staphylococcus aureus. He was 
given 2.4 to 3.6 grams of sulfanilamide daily during 
the next 3 to 4 days. This had no noticeable effect 
on the clinical course or number of colonies of sta- 
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phylococcus per cubic centimeter of blood. During 
the next 10 to 12 days he was given relatively 
large amounts of bacteriophage intravenously. This 
was prepared in another laboratory and the pctency 
is not known. His course was slowly down hill with 
a persistent high colony count in the blood stream. 
Twenty-four hours before exodus he was given 50 
cubic centimeters of bacteriophage prepared in our 
laboratory. At this time he was semicomatose, cya- 
notic, and the pulse was rapid and feeble. The blood 
culture taken subsequently showed a marked reduc- 
tion in the colony count. Eighteen hours later his 
chest was tapped and 750 cubic centimeters of dirty, 
straw-colored fluid was removed; 10 to 20 cubic cen- 
timeters of phage were instilled in the pleural cavity 
and 50 cubic centimeters more given intravenously. 
His course continued down hill and just before exodus 
he was given an additional 50 cubic centimeters of 
phage intravenously. 

The principal necropsy findings in this case were: 
bilateral lung abscesses; abscesses of heart and liver; 
empyema; bilateral kidney abscesses. 

This was an unusual case, developing sepsis 
late in the course of healing of a carbuncle. It 
is most likely that he had a bacteriemia early 
in the course of the disease with the establish- 
ment of one or more visceral metastases which 
then began to distribute foci, causing the fatal 
sepsis after the original local lesion was prac- 
tically healed. In this case the several days’ 
delay caused by using sulfanilamide, which we 
now believe is of no value in infections caused 
by the staphylococcus group of organisms, 
probably was significant. However, the evi- 
dence suggests that metastases were already 
present at the time of the first positive blood 
culture. The marked diminution in the colony 
count in this case after the use of our “double 
potency” phage suggests that dissemination of 
the organism might have been prevented if it 
had been administered earlier. 

CasE 4. J.C., aged 26 years, male, white, was ad- 
mitted February 10, 1938, to metabolism wards on 
the medical service of the Presbyterian Hospital for 
diabetes. During the preceding 2 weeks he had had 
several shaking chills and a constant pain in the left 
flank. He was transferred to the urological service 
February 15, 1938, and a left perinephric abscess was 
opened and drained on February 16. In spite of 
drainage of the abscess, he continued to run a spik- 
ing fever with temperature ranging between 100 and 
104 degrees. During this time he gradually devel- 
oped pain in the right flank and a mass was felt in 
the region of right kidney. Because of a persistent 
septic temperature, a blood culture was taken on 
March 18, about 49 days after his first chill. In- 
travenous bacteriophage was started on March 21, 
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with an initial dose of 40 cubic centimeters given 
in divided doses over a period of 5 hours. During 
the next 1o days he received the following amounts 
of phage: From March 22 to March 25, inclusive, 
he was given 25 cubic centimeters, 4 times a day. 
On March 26, 27, 28, 29, 31, April 1, and April 2 
he received 60, 70, 40, 50, 75, 100, and 100 cubic 
centimeters, respectively, 4 times a day. On March 
24a right nephrotomy was done, multiple carbuncles 
being found in the right kidney, and the wound was 
packed open. Phage was used in both the right and 
the left wounds as well as given intravenously. Blood 
cultures taken during this illness were all positive 
for hemolytic Staphylococcus aureus. His course was 
progressively downhill and he expired on April 2, 1938. 

The principal pathological findings at autopsy in 
this case were: furuncles of forehead; abscesses of 
myocardium, lungs, and adrenals; perinephritic ab- 
scesses, bilateral; acute fibrinopurulent peritonitis 
(localized); diabetes mellitus; tuberculosis of lungs. 


This was a case of hemolytic Staphylococ- 
cus aureus septicemia in a known diabetic with 
metastatic foci developing first in the left and 
then in the right kidney. The sepsis as far as 
one can judge from the clinical picture began 
at least 46 days before a blood culture was 
taken. Intravenous bacteriophage was not 
started until 3 days later, when there was 
clinical evidence of metastatic lesions in the 
opposite kidney but operation was delayed. 
Under these circumstances, in spite of large 
doses of our double potency phage, the course 
was downhill and the patient expired 15 days 
later. During the last 10 days of this boy’s 
illness it was practically impossible to control 
his diabetes. The delayed diagnosis of septi- 
cemia, the delayed operation, and the delayed 
administration of bacteriophage, all probably 
played a part in the fatal outcome; but the 
underlying diabetes and the extensive visceral 
metastases, which probably developed early, 
may have rendered the outcome inevitable. 

CasE 5. M.B., aged 3 years, female, was admitted 
September 29, 1936, with the diagnosis of lympho- 
blastic leucemia. There was a vague history of in- 
fection during the preceding month. Blood cultures 
September 29, 1936, revealed Staphylococcus aureus. 
Two subsequent blood cultures on October 1 and 
October 3 were also positive. No focus of infection 
was found. White blood count on admission was 
2,500; polymorphonuclears, 49 per cent; lympho- 
cytes, 43 per cent; myelocytes, 7 per cent. On 
October 5 the patient was given 10 cubic centime- 
ters of bacteriophage intravenously. Even though 
the patient lived until October 7, she was not given 
any more phage. 





The principal autopsy findings were: abscesses in 
liver, heart, kidneys, and lungs. Infarcts of spleen 
and liver; thrombi (infected) in hepatic and splenic 
veins; lobular pneumonia, jaundice due to obstruc- 
tion of common bile duct from outside pressure. 





This case represents a severe terminal in- 
fection in a case of leucemia during an aleu- 
cemic phase. The result was not unexpected 
and could hardly have been prevented. 


CasE 6. R.S., aged 39 years, female, was admitted 
to a suburban hospital January 24, 1938, for a car- 
buncle of 5 days’ duration. Three days prior to her 
admission she began to have shaking chills and was 
known to be running an elevated temperature, but 
no blood culture was taken. The carbuncle was in- 
cised and drained on January 24, and the patient 
discharged on January 26. The day after her dis- 
charge she was readmitted for pain in her right 
flank. At this time her temperature was 105 de- 
grees and her pulse rate 140. She was acutely ill 
and had signs pointing toward an infection of her 
right kidney. Cystoscopic examination on Janu- 
ary 28 was negative. Blood culture on January 29 
revealed hemolytic Staphylococcus aureus. She 
was seen by one of us, F.L.M., and intravenous 
bacteriophage was recommended but postponed. 
The kidney was explored on January 30, and 
found to contain multiple carbuncles. These were 
incised and drained. The culture of the wound 
showed hemolytic Staphylococcus aureus. Bacterio- 
phage was introduced into the drainage tube daily. 
A second blood culture on January 31, before giv- 
ing intravenous phage showed approximately 400 
colonies of hemolytic Staphylococcus aureus per 
cubic centimeter. On January 31 the patient was 
given 18.75 cubic centimeters of phage intrave- 
nously in gradually increased doses, and on Feb- 
ruary 1 she received 65 cubic centimeters more di- 
vided into 2 doses. However, in spite of transfu- 
sions and other supplementary supportive therapy 
the course was progressively downhill and she died 
on February 2, 1938. Blood culture on February 1 
showed 700 colonies per cubic centimeter. 

The autopsy findings were limited to the kidney 
and lungs, both of which showed multiple abscesses. 

In all probability the onset of sepsis in this 
case occurred 3 days before her first admission. 
This was not recognized until her second ad- 
mission and 8 days after the onset of her 
carbuncle, when she already had metastatic 
abscesses in her right kidney. There was an 
additional delay of 3 days before the blood 
culture revealed the staphylococcus and a 
total of 10 days elapsed between the onset of 
her symptoms of sepsis and the starting of 
intravenous bacteriophage. The diagnosis of 
septicemia might have been made earlier and 
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bacteriophage administered earlier. However, 
the rapid development of visceral metastases 
rendered prognosisin any event extremely bad. 


HISTORIES IN 6 SUCCESSFUL CASES 


In contrast with the summaries of the 6 
fatalities of the later group the following suc- 
cessful cases are reported as examples of pa- 
tients in whom the bacteriophage played an 
important if not essential réle in recovery. 
These 6 cases are selected also because they 
illustrate different phases of this disease: 


CasE1. L.B., aged 29 years, female, was admitted 
to the gynecological service of Sloan Hospital for a 
myomectomy which was performed on September 20, 
1936. After operation she ran a stormy course with 
a temperature spiking between ror and 105 degrees. 
This was associated with some swelling and redness 
of her wound. On October 1 she had a shaking 
chill. Blood cultures taken during chill revealed hem- 
olytic Staphylococcus aureus as did a culture taken at 
the lower angle of her wound. The wound was then 
spread slightly at its upper and lower poles and 
through-and-through drains were placed. In spite of 
transfusions and the usual supportive treatment her 
course was progressively downhill over a period of 
20 days, during the last 3 of which she was irrational 
and at times semicomatose, and she was expected to 
die. Five blood cultures were taken during this pe- 
riod and all were positive. On October 20 she was 
given 50 cubic centimeters of bacteriophage intra- 
venously in one dose. A blood culture taken just 
before starting phage was positive. Twenty-four 
hours later another culture taken just before the 
second dose of 50 cubic centimeters of phage was 
negative. All cultures subsequent to this date were 
negative. In spite of a marked improvement in her 
general condition she continued to run a temperature 
daily between normal and ror degrees. She was 
therefore given an additional 50 cubic centimeters 
of phage on October 26, 1936. Examination then re- 
vealed a pelvic abscess, which later ruptured spon- 
taneously into the wound. Following this the course 
was uneventful, and the patient was discharged com- 
pletely healed. The wound was dressed with daily 
irrigation and instillations of bacteriophage. 


This is a brilliant result in a postoperative 
infection with subsequent sepsis. The pa- 
tient’s life was despaired of before the phage 
was started. The immediate disappearance of 
organisms from the blood stream after the 
first dose was dramatic, but hardly less so than 
the patient’s clinical response once her sepsis 
was under control. It illustrates that the 
phage may be given in large initial amounts 
to patients who are critically ill. 
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CasE 2. S.D., aged 35 years, colored, male, was 
admitted to the surgical wards of the Presbyterian 
Hospital on March 14, 1937, with a diagnosis of pro- 
lapsed and ulcerating hemorrhoids. Nine days prior 
to admission he began to have pain in his rectum, 
and 7 days before admission he had a shaking chill. 
On admission his temperature was 102 degrees. Ex- 
amination showed large protruding ulcerated hemor- 
rhoids. Blood cultures on March 16 and March 
18 revealed hemolytic Staphylococcus aureus. Rec- 
tal examination showed a large edematous and 
indurated seminal vesicle on the right. This was 
opened and drained through a perineal incision. 
The operation was thought to establish inadequate 
drainage. Bacteriophage was started on March 10, 
intravenously and also applied locally. The blood 
cultures remained positive 16 days after starting 
phage. The patient made an uneventful recovery 
and was discharged. Subsequently he was read- 
mitted on 2 occasions for drainage of 2 Brodie 
abscesses of his right tibia. These also revealed 
hemolytic Staphylococcus aureus and probably re- 
present delayed appearance of metastatic abscesses. 
They were treated locally with bacteriophage and 
promptly healed. 


This is an interesting case of septicemia in 
a colored male. The distributing focus on 
admission was the right seminal vesicle. He 
had his first symptom of sepsis 7 days prior to 
admission and 13 days before receiving bac- 
teriophage. In view of the long duration of 
his sepsis it was surprising that he did not 
develop demonstrable foci in some of his 
viscera. The second blood culture before 
phage was given revealed the presence of a 
spontaneous bacteriophage which may have 
inhibited the growth of organisms in his blood 
and minimized the establishment of metastatic 
foci. It did not, however, prevent the growth 
of organisms when his blood was transferred 
to artificial media. The phenomenon of the 
spontaneous appearance of bacteriophage, 
which we have observed in one other case, is 
being studied and will be reported in a sub- 
sequent paper. 


CASE 3. E.A., aged 54, male, was admitted to a 
suburban hospital April 5, 1937, for an alveolar ab- 
scess. Two weeks before admission he began to have 
pain and swelling in his nose. The involved area 
was drained, but he continued to have fever, head- 
aches, and generalized body pains. Temperature on 
admission was 102 to 104 degrees. The mucous mem- 
branes covering hard palate and gums were swollen 
and red and pus was draining from the upper 
gum margin. Blood culture on April 5 revealed 


hemolytic Staphylococcus aureus. He was given one 
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dose of prontylin. It was discontinued and over the 
next 3 days he received alcohol 10 per cent infusions. 
Bacteriophage was started on April 8. At this time 
he had definite evidence of fluid in his right chest. 
This was tapped April 8, and a dirty yellow cloudy 
fluid was withdrawn, which yielded the organism. 
Ten cubic centimeters of phage was introduced into 
the pleural cavity. During the next 20 days he re- 
ceived 16 intravenous injections of 50 cubic centi- 
meters of bacteriophage. Bacteriophage was also 
applied locally to the gum area. The last positive 
blood culture was obtained on April 14, 1937, or 5 
days after the first dose of phage. The patient then 
proceeded to make an uneventful recovery. 


When first seen by us, this patient was very 
ill with metastatic lesions in the lung and 
pleura. The fluid aspirated on April 8, 1937, 
was the only fluid obtained from the chest. 
There was no evidence of a reaccumulation. 
It is another example of a recovery from a case 
of hemolytic Staphylococcus aureus sepsis in 
a patient who was desperately ill at the time 
bacteriophage was started. 


CASE 4. F.P., aged 8 months, male, was admitted 
to Babies Hospital June 1, 1937, with a diagnosis of 
acute osteomyelitis of right tibia and cellulitis of the 
great right toe. Ten days prior to admission he had 
contracted an upper respiratory infection. This was 
followed by a cellulitis with threatening gangrene of 
his toe. Temperature on admission was 105 degrees. 
Blood culture on June 2 revealed hemolytic Sta- 
phylococcus aureus. Intravenous bacteriophage was 
started on June 4, 2 days after the first positive 
blood cultures. During the course of the next 20 
days he received a total of 125 cubic centimeters 
of bacteriophage intravenously. Blood cultures on 
June 13 and June 18 were positive. Subsequent 
blood cultures were all negative. Intravenous bac- 
teriophage was continued for 6 days after his last 
positive blood culture. During the course of phage 
therapy the osteomyelitis of his right tibia was 
incised and drained on June 11. The following 
metastatic abscesses later developed and were also 
drained: June 25, right humerus; July 9, prepatellar 
bursa; February 16, 1938, carpal bones of right wrist; 
March 8, scalp; March 24, right arm and chest wall. 
Upon discharge from the hospital he had a small 
sinus over the tibial wound. This healed promptly. 
Phage was also applied to local lesions. The patient 
was seen at frequent intervals and had to be read- 
mitted in September, 1938, with abscesses of occiput 
and right zygoma. These were incised and drained 
and healed promptly. 


This case illustrates a hematogenous osteo- 
myelitis with septicemia in an infant. The 
patient was desperately ill on his first admis- 
sion and little hope of recovery was antici- 
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pated. His sepsis persisted 14 days after 
bacteriophage was started. There was at no 
time evidence of pulmonary or renal involve- 
ment. Metastatic lesions developed in tissues 
which could be reached surgically. The suc- 
cessful outcome of this disease in an infant is 
very rare. There are only 3 recoveries in the 
group of 24 children, who did not receive 
bacteriophage, a mortality of 87.5 per cent. 
In the series which received phage there are 
11 cases in children with 4 deaths, giving a 
36.3 per cent mortality. In the late group of 
this series there were 6 cases of acute osteo- 
myelitis with septicemia in children with no 
fatalities. Consequently, we are of the opinion 
that in children with this type of septicemia, 
associated with an acute osteomyelitis we can 
offer a fairly good prognosis if they receive 
intravenous bacteriophage early in the course 
of the disease. 

CasE 5. N.R., aged 13 years, male, was admitted 
to the nose and throat service of Presbyterian Hos- 
pital July 29, 1937, with a diagnosis of acute sup- 
purative frontal sinusitis. He was semicomatose and 
irrational on admission. There was diffuse swelling 
of left frontal sinus area with marked edema of eye- 
lids and in the region of the glabella. Blood culture 
July 31 revealed hemolytic Staphylococcus aureus. 
Bacteriophage was started on August 2, and he re- 
ceived 2 doses or a total of 80 cubic centimeters. 
On August 3 the soft tissues over the frontal sinus 
were widely drained and an osteomyelitis of the 
bony vault of the sinus was demonstrated. Blood 
culture on August 3, 1937, was taken just before 
the second dose of phage and was negative. Fol- 
lowing the first dose of phage the temperature 
dropped and the patient began to grow rational. He 
went on to an uneventful recovery without develop- 
ing demonstrable abscesses. 

This was a case of septicemia with the prin- 
cipal focus of distribution in the dangerous 
area of the left frontal sinus. The blood cul- 
ture in this case became negative after the 
first dose of phage. As near as can be accu- 
rately determined the total duration of the 
sepsis in this case was about 4 days. 

CasE 6. M.P., aged 14 years, male, was admitted 
to the medical service of Presbyterian Hospital 
April 10, 1938, with a diagnosis of fever of unknown 
etiology. Three days prior to admission he had had 
a shaking chill lasting 5 minutes. During the next 
3 days he ran a spiking fever ranging between 102 
and 103 degrees. On admission he was semicomatose 
and irrational. The only positive physical finding 


was pain on motion of right hip. There was slight 
swelling and tenderness over the great trochanter 
and neck of the femur but no redness. The first di- 
agnosis was rheumatic fever. A blood culture on 
April 12 revealed hemolytic Staphylococcus aureus. 
During the next 7 days he was given sulfanilamide 
3.6 grams daily. During this time the blood culture 
remained positive and his clinical picture was be- 
coming progressively worse without evidence of any 
distributing focus other than pain in the right hip. 
X-ray films showed no evidence of an arthritis or 
osteomyelitis. On April 19, 1938, he was started on 
intravenous bacteriophage 1 week after the first 
positive blood culture. He was rapidly worked up 
to 100 cubic centimeters per day and over a period 
of 10 days received goo cubic centimeters of phage. 
Four days after starting bacteriophage the blood 
culture was negative and the patient began to im- 
prove clinically with a return of mental faculties 
and a drop in his temperature to normal. He then 
made an uneventful recovery. 


This case illustrated 2 interesting features: 
First, that sulfanilamide failed to control or 
stop the septicemia; second, that this is the 
only case in the series in which a distributing 
focus was not found with certainty. Follow-up 
examinations on this patient have given en- 
tirely normal results. 


SUMMARY AND CONCLUSION 

1. Thirty-six consecutive, unselected cases 
of Staphylococcus aureus septicemia treated 
with bacteriophage have been presented. 

2. An additional 54 unselected cases have 
been taken from the records of the Presby- 
terian Hospital as a control group. 

3. In presenting the 36 cases in this series 
we have divided them into 2 groups: those 
treated prior to October, 1936, and those 
treated subsequently. In 1936, the potency 
of our phage was markedly improved and the 
amount given was considerably increased. 

4. A new method for determining the po- 
tency of phage has been briefly discussed. The 
phages used during the last 2 years were not 
only able to clear the culture of the organism 
in liquid medium, but to prevent subsequent 
growth on a blood agar plate. To this phage 
we have given the name “double potency 
phage.”’ 

5. The method of administering the bac- 
teriophage has been outlined. 

6. The frequency of metastatic lesions has 
been disclosed. 
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7. The mortality in this series was: (a) 
Early group, 15 cases or 73.3 per cent; (b) late 
group, 21 cases or 28.5 per cent; (c) entire 
group, 36 cases or 47.2 per cent; (d) control 
group, 54 cases or 81.4 per cent (untreated). 

8. The cases of patients treated by others, 
using bacteriophage prepared in other labora- 
tories, show mortality rates varying from 14.2 
per cent in a series of 7 cases to 75 per cent in 
a series of 100. 

9g. A review of the literature shows the 
mortality of this disease in cases which did not 
receive bacteriophage to be about 80 per cent. 

10. The possible causes for failure in the 6 
fatal cases in the late group have been dis- 
cussed. 

11. The unusual features of 6 successful 
cases have been presented. 

The results obtained in this series of cases, 
especially those in the last 2 years, make us 
feel certain that bacteriophage offers a favor- 
able prognosis to patients ill with this disease, 
if the phage is of a high potency, if it is given 
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in large doses and sufficiently early in the 
course of the disease. 


We wish to express our gratitude and appreciation to the 
physicians and surgeons, who so kindly referred these cases 
to us and who have given us permission to publish these 
reports. Also we desire to express our appreciation for the 
aid of Anne Gunther Cooper and June Oscanyan Straus in 
the preparation of the bacteriophage. 
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THE SURGICAL AND ANATOMICAL ASPECTS OF 


A CASE OF DOUBLE 


LOWER LIP 


MICHAEL L. MASON, M.D., F.A.C.S., BARRY J. ANSON, Ph.D. (Med. Sc.), and 
LINDSAY E BEATON, M.D., Chicago, Illinois 


ONGENITAL labial lip pits were 
described by Padgett in 1938 as one 
of the rarest anomalies of the hu- 
man body. This abnormality is also 

known as ‘‘congenital fistula,” ‘‘ paramedian 
sinus,” and by various other names.' They 
are deforming malformations which are direct- 
ly hereditary, predominant among females, 
and rarer in the upper than in the lower lip. 

Commonly included in the category of pit 
are those recesses which assume the form of 
an elongated slit or “split” rather than that 
of a slight, cylindrical depression. To the 
former group belongs the case of the present 
writers, since the malformation consisted of 
coronally placed sulci. These sulci were 
situated just within the vermilion border of 
the lower lip, interrupted at the midline by a 
mound of mucous membrane (Fig. 1). They 
lay near the line of junction of the smooth, or 
glabrous, and the papillose, or so called villous, 
zones of the lip extending downward into the 
substance of the lip; both pits narrowed as 
they approached the level of the labial mus- 
culature. 

The close relation of the sulcate fissures 
to the line dividing the labial zones invites 
speculation as to the cause of this uncommon 
malformation. In the present article the 
authors therefore propose not only to present 
the surgical and anatomical features of an 
additional case, but also those aspects which 
are primarily comparative embryological. 


CASE HISTORY 


The patient, J. L., was a well nourished male, 19 
years of age, weighing 125 pounds. He had 2 “‘con- 
genital pits’ on his lower lip, bilaterally placed but 
not quite symmetrical; these pits occasioned no 


From the Department of Surgery and the Department of 
Anatomy, Northwestern University Medical School; contribu- 
tion No. 279 from the latter. 

1As presented in an interesting synonymy by Ludy and 
Shirazy (1938), who likewise make available a very serviceable 
bibliography. 
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trouble at any time. The patient’s father, a paternal 
uncle, and two cousins have similar bilateral, con- 
genital sulci all of which were symptomless.? 

The sulci were located externally on the lower lip, 
one on each side of the medial line but with a slight 
asymmetry (Fig. 1). Their arrangement suggested 
a wedge of tissue set into the lower lip in a coronal 
plane, separating the free border into anteropos- 
terior halves. The walls of each sulcus fell away 
gradually, imparting to the orifice the form of a fun- 
nel; and these walls gradually tapered to the floor 
where the diameter was that of a large match. Both 
pockets contained mucus. Dimensions of the depres- 
sions, taken iz situ, were as follows: left, 0.75 centi- 
meter long, 0.7 centimeter deep; right, 1 centimeter 
long, 0.65 centimeter deep.* The pocket of the left 
half of the lip was more saccular than that of the 
right. Rising from the floor of each pit was a small 
papillary mass. The tissue immediately surrounding 
the pits, and that occupying the center of the lip, 
possessed a more reddened and granular appearance 
than did the normal mucous membrane covering 
the remainder of the labial surface. 

Surgical procedure. The deforming effect of the 
true pits or the larger sulci is often considerable and 
produces a condition so objectionable as to warrant 
surgical intervention. Correction is customarily ac- 
complished by completely removing the prolapsed 
area of mucous membrane and the submucosal glan- 
dular tissue associated with the fistulous tract. 
Incision is made into the mucosal layer to the out- 
side of the depressed portion of the lip; after re- 
moval, the edges of the wound are brought together 
with sutures. 

The wedge-shaped piece containing pits, in the 
current case, was excised by means of incisions which 
followed the long axis of the lip (Fig. 3), passing in 
front of and behind the involuted areas. After re- 
moval it was possible to bring the mucous mem- 
brane of the posterior labial surface forward to the 
anterior edge of the incision, and thereby obtain a 
clean linear suture. Closure was made with silk 
without the use of dressing. After repair the lip 
which had previously appeared protuberant and 
bulbous (Fig. 1), assumed a normal thickness and 

2This labial malformation tends to run in families by direct 
heredity, according to Ludy and Shirazy (1938) who have re- 
viewed the literature extensively; while occurring in both sexes 
it shows a predominance among females. The 14 cases recently 
reported by Davis (1935) were from 3 family groups, in which 
the deformity occurred in 1, 5, and 8 individuals, respectively. 

3Measured in 80 per cent alcohol (after fixation in Bouin’s so- 
lution) the pocket of the left side was 0.7 centimeter long, that of 
the right o.9 centimeter. 
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Fig. 1. Lips of the patient prior to operation showing the normal upper and the 
sulcated, lower lip; the point of the arrow touches the line of junction of the glabrous 
and villous zones. Five-sevenths natural size. 

Fig. 2. Lips 3 months after operation. Five-sevenths natural size. 


Fig. 3. Excised piece; epithelial surface. 


xr 7. 


Fig. 4. Sagittal section through the sulcus in the excised piece; center of the sulcated 
portion of the left side. The positions of the areas illustrated in Figures 5 to 7 are 
indicated by demarcated areas correspondingly numbered. X11. 


contour (Fig. 2). Recovery was uneventful and the 
patient was discharged in an improved condition. 


ANATOMY 


Excised piece (gross). Measured in alcohol, 
the excised piece of labial tissue was 3.7 
centimeters long; the maximum width of the 
right half was 1.1 centimeters, that of the left 
1.4 centimeters; the maximum depth was 1.3 
centimeters on the right side, and 1.0 centi- 
meter on the left (Fig. 3). The piece included 
the area between the sulci. 

The surgical incision, anteriorly, passed 
just in front of the line of junction (Fig. 
arrow) of the two areas of the mucous mem- 





brane, the forward area being the smooth 
zone, or pars glabra, the rear area the so 
called villous zone, or pars villosa, of the red 
portion of the lip. 


SECTIONS (HISTOLOGY)! 


Tall dermal papilla from the subjacent 
connective tissue stroma project regularly 
into the basal aspect of the labial epithelium; 
this feature is very striking in the newborn 
infant (Fig. 11), and progressively less so in 
the infant, child, and adult. The red color of 

'Serial sections, passing through the piece in anteroposterior plane, 
were prepared at a thickness of ro or 15 microns; the tissue was fixed in 


Bouin’s solution, embedded in nitrocellulose; the sections were stained 
with hematoxylin and eosin. 
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Figs. 5 to 8. Selected areas, at higher magnification 
(sulcated area of the left half of the lip); Figures 5 to 7 
represent portions of the section photomicrographed as 
Figure 4. X52. 

Fig. 5. Tall dermal papilla (indicated by the arrow), 
near the mouth of the sulcus on the posterior wall of the 
latter. 


the lips is due to the presence of these tall 
papilla with associated vascular network, 
and to the occurrence of eleidin in the epithe- 
lial cells, rendering the layer translucent. In 





Fig. 6. Tall papilla (right), thickened epithelium (left), 
in the middle third of the sulcus. 

Fig. 7. Thickened epithelium (left), denuded corrective 
tissue (right), in the lower third of the sulcus. 

Fig. 8. Denuded dermal papilla, at the orifice of the 
sulcus; on the latter’s anterior wall; section near the one 
illustrated in Figures 4 to 7. 


the present specimen these papille were 
abundant and of striking height (Figs. 4 to 8); 
they not only attained the surface (Fig. 5, 
arrow), but actually were present as papillose 
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projections (Fig. 8, arrow). Glands of the 
branched tubular variety, regularly present in 
the oral mucous membrane, occurred here in 
the stroma, anterior and posterior to the 
sulcus (Fig. 4); the ducts of these glands 
emptied most commonly into the lowermost 
part of the sulcus. The mucous secretion pro- 
duced by the glands was noted at physical 
examination. Areas were present near the 
floor of the sulcus in which the epithelial layer 
was wanting; the connective tissue was left 
exposed (Fig. 7) 

The villous zone in the lip of the newborn 
infant is markedly thicker than the glabrous 
area (Figs. g and 10); in the adult the differ- 
ence is usually not striking, since the pars 
villosa is no longer an area of excessive epi- 
thelial hypertrophy. However, in the present 
case this feature of thickening obtained to a 
degree within that part of the villosa which was 
carried downward into the sulcus (Figs. 6 and 
7), as if a primitive character were retained 
along an anomalous strip of tissue. In the 
present case the sulcus is within villous terri- 
tory, although the declivity begins near the 
junction of the glabrous and villous zones 
(Fig. 1, arrow; Fig. 11) 


EMBRYOLOGY 


Since the common form of double lip is a 
congenital anomaly, a brief description of the 
development of the normal lip may be of 
service in an attempt to understand the 
aberrant labial structure. 

In the lips of the human embryo of 70 milli- 
meters length (CR),' the epithelium internal 
to the cutaneous area is noticeably thickened, 
(1, Fig. 43), foreshadowing the formation of 
a true zonal arrangement of the mucous mem- 
brane in the late fetus and the newborn 
infant (Fig. 11). The zones become less pro- 
nounced during the first few weeks of post- 
natal life and are usually indistinct in the 
adult. When denuded of epithelium, “long, 
soft, villous-like outgrowths” appear on the 
innermost zone; when so treated, they were 
figured as ‘“‘papille’ by Ruysch in 1707. 
Luschka, in 1863, first described them with 
modern precision, and since then they have 
been the subject of important studies by 


'CR=Cephalon-rump measurement. 
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Neustaetter in 1895, Stieda in 1899, Ramm 
in 1905, and others. The portion of the lip 
which bears these villi is clearly distinguish- 
able to the naked eye, and the individual pro- 
jections with their vascular cores may be seen 
on low magnification. In 1895, Neustaetter 
stated that so far as his investigations showed, 
human lips alone are provided with these 
zones, the outer one of which is smooth, and 
the inner zone villous! ascribing the anatom- 
ical condition to the shortness of the nipples 
and flatness of the central area of the breasts 
in women, he is of the opinion that human 
infants require a special ‘‘Greifapparat’’ for 
an airtight contact.” 

But no such free villi occur in pars villosa 
of the lips of living infants, although sug- 
gested by Ramm in 1905 and once circulated 
widely in influential American textbooks. 
The socalled villous zone bears no elevations 
prominent enough to be described as even 
nodular (1, 10). Yet this zone is clearly 
recognizable through its striate nature, an 
appearance produced by the presence of en- 
gorged capillaries within the underlying pa- 
pilla. While freshly excised, unfixed lips 
present the same conditions, in somewhat 
dried, excised lips, the ‘“‘villous’”’ zone is 
nodular, due to contraction of the epithelium 
over the tall papillz; and the latter is actually 
visible through the translucent investing epi- 
thelium. When a fixing agent is applied to a 
fresh specimen, the epithelium shrinks and its 
surface becomes pebbly. The hummocks thus 
produced lie over the dermal papillz and the 
depressed areas are situated between the 
papilla. Only in specimens immersed for a 
considerable period in a macerating agent, 
either natural (amniotic fluid) or artificial 
(Ringer’s solutions, etc.), do free, tall, villi 


'The entrance to the mouth of vertebrates tends to be guarded by a 
pair of folds over which the skin makes a transition to the mucous mem- 
brane (1). This transition is effected typically through two zones. The 
inner zone (a pars villosa) is regularly a region of very thick epithelium 
and of tall dermal papilla; it is the seat of great proliferative activity, 
leading to the production of various papillz and villi, both in the lower 
v ertebrates and in mammals. It may, therefore, be said that homologous 

“lips” are found at certain stages of dev elopment i in some representatives 
of all classes of vertebrates. The functions of the vertebrate lip are 3: 
sensory, tome ey and adhesive, which are developed in varying de 
grees. Those of the cod have the most conspicuous sense organs; those of 
the tadpole with their epithelial teeth, and of grazing animals through 
their intrinsic muscles, are the most prehensile; the lips of petromyzon 
and of the vampire, provided with abundant villi, are the most adhe- 
sive. 

2However, among mammals, nursing may be accomplished without this 
apparatus and even before lips have developed, as in the opossum and 
rat. 











Fig. 9. Vertical section through the upper lip of a new- 
born infant; left half of the mouth near the angle. Macer- 
ated 24 hours in Ringer’s solution, fixed in Zenker’s fluid 
(1, Fig. 67). The zones of the lip are shown, and at the 
arrow is the point of junction of glabrous and villous zones 
at which a sulcus sometimes occurs (Fig. 10). X14. 


appear! (Fig. 9). Although many villi appear 
as free projections, considerable of the invest- 
ing layer remains. It seems safe to assume 
that occurrence of free villi (Figs. 5 and 8) 
and of bared fibrous stroma (Fig. 7) in the 
authors’ specimen is due to similar mascerat- 
ing action of the salivary and mucoid secre- 
tion retained with the labial sulci. 

In fixed preparations quite regularly, and 
occasionally in lips of living subjects, the 
transition from the villous to the smooth zone 
is marked by an elongated depression. In 
some specimens of lip from newborn infants 
the sulcus which separates the glabrous from 
the villous zone is pronounced, especially so 
following excision and fixation (Figs. ro and 
51). 

In sections of the macerated lip the his- 
tological basis of these gross differences is 
demonstrated (Figs. 10 and 11). The smooth, 
thin, mucous membrane of the pars glabra 
becomes continuous with the thicker mucosa 
of the pars villosa on the floor of the sulcus, 
the glabrous membrane forming the anterior 
and the villous the posterior wall of the sulcus 

‘In correspondence Professor Frederic T. Lewis of Harvard has pointed 


out to us that the zonal division of the human lip has not yet been recog- 
nized in any of the anatomical nomina. Professor Lewis points out, 


relative to the choice of terms, that pars villosa is inappropriate, except 
after the facile postmortem disintegration of its thick epithelium. It is 
a zone where papille are especially tall and the epithelium remarkably 
thick, a pars papillosa, ‘‘thelosa,” or epitheliosa. The term pars epithe- 
lrosa would not only indicate the thickness of the epithelium but would 
commemorate the fact that Ruysch devised that name (epithelium) for 
the thick translucent layer covering these tall papille or “‘villi.” 
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Fig. 10, top. Section through the right half of the upper lip 
photographed in Figure 11 (10, Figs. 5, 18, etc.). Showing 
the zones with the sulcus demarcating them (at arrow). 
Cutan., cutaneous zone; glab., glabrous zone; vil., villous 
zone. X7%. 

Fig. 11. Macerated specimen of excised lips of a still- 
born fetus; natural maceration, i.e., intra-uterine, by 
amniotic fluid. Showing the pronounced zonal character 
of the lips, and the prominent sulcus (at arrow) separating 
glabrous and villous zones (Fig. 10 is a section from this 
specimen). 


itself; the mucous membrane increases rapidly 
in thickness as it extends into the mouth, 
contains progressively taller dermal papillz, 
which, invested by the remnant of the epi- 
thelial stratum, stand higher as free projec- 
tions (Fig. 10). 

Although the pars villosa diminishes in 
thickness in the early postnatal month and 
the distinction between villosa and glabra 
becomes less distinct, the differences between 
the two are usually strong enough to render 
them distinguishable in naked-eye examina- 
tion. In the authors’ surgical case discussed 
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herein the line of separation between the two 
zones (Fig. 1, arrow) lay at the anterior edge 
of the sulcus; the latter, through the greater 
part of its depth was therefore bounded ante- 
riorly and posteriorly by the thicker tissue of 
the pars villosa. As pointed out by Neu- 
staetter, the furrow in congenital double lip 
constitutes a boundary line of exaggerated 
proportions between the regularly distinguish- 
able zones of the lip. The effect is that which 
would be produced were the ordinary sulcus 
(Fig. 11) deepened, and by some mechanism, 
the deepening made to involve the villous zone 
chiefly. 

The present authors’ view is, therefore, in 
essential agreement with that of Neustaetter 
and recognizes the obvious anatomical fact 
that the fetal lip is furrowed coronally (Figs. 
ro and 11). Other investigators have devised 
a number of explanations none of which is 
tenable.! Thus the pits have been regarded as 
sequele of the intra-uterine disease affecting 
the labial glands; but this explanation does 
not account for the fact that there are pre- 
dilective sites of occurrence, nor for the length 
of the sulcate depressions in some cases. 
Similar objection could be lodged reason- 
ably against the notion that the deformity is 
caused by amniotic adhesion. Other investi- 


!Discussed fully by Ludy and Shirazy (1938) and hence not requiring 
repetition here. 
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gators believe that during early stages of 
embryonic development the fistulous tract is 
formed through anchorage of the basal part of 
bilaterally placed, secondary notches; but the 
coronal plane assumed by the depressions 
could not be explained by such a theory. 
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AN EXPERIMENTAL STUDY OF PAIN IN THE HUMAN 


BILIARY TRACT INDUCED BY SPASM OF THE 
SPHINCTER OF ODDI 


JOHN A. LAYNE, M.D., and GEORGE S. BERGH, M.D., Minneapolis, Minnesota 


HE most striking and characteristic 

symptom commonly experienced by 

patients suffering from disease of 

the extrahepatic biliary tract is the 
colicky pain that occurs in the epigastrium or 
right hypochondrium and that radiates, fre- 
quently, to the subscapular or interscapular 
region. Yet, notwithstanding the recognition 
long accorded to this clinical observation, the 
neurological mechanism has never been fully 
revealed. Recently we have had an oppor- 
tunity to conduct studies of biliary tract pain 
upon unanesthetized human subjects, and it 
is with the hope that these experiments may 
contribute to the solution of this problem 
that the following observations are reported 


METHOD OF EXPERIMENTATION 


Thirty patients who had previously un- 
dergone choledochotomy and intubation of 
the common bile duct voluntarily submitted 
themselves as subjects for these studies. Of 
these, 8 were men and 22 were women, and 
their ages ranged from 25 to 70 years.! 

Distention was accomplished by the injec- 
tion of fluid under pressure. The apparatus 
(Fig. 1) consisted of an infusion flask con- 
nected by a rubber tube to the choledochos- 
tomy tube. A Murphy drip bulb was included 
in the system so that observations of flow 
could be made. This made it possible to meas- 
ure the resistance offered by the sphincter at 
the choledochoduodenal junction by a method 
similar to that of Elman and McMaster. The 
fluid injected wassterile, physiological salt solu- 
tion. After measuring the sphincter resistance 
by observing the level at which fluid was ad- 
mitted into the intestine, as revealed by the 
dropping of fluid through the glass bulb, pain 


From the Departments of Medicine and Surgery, University 
of Minnesota Medical School. 
1This series includes 15 cases already reported (1). 
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was induced by suddenly raising the flask and 
thereby distending the ducts with the sterile 
solution under pressures varying from 50 to 
100 centimeters of water. The added pressure 
was sustained for periods of 30 to 300 seconds. 
In some instances spasm developed, pre- 
sumably at the sphincter choledochus*. Occa- 
sionally this spasm was sufficiently intense to 
stop the flow of fluid even when pressures as 
high as 50 or 60 centimeters of water were 
being used. The patients were closely ob- 
served to determine the effects of the proce- 
dure. Although they were interrogated con- 
cerning their sensations during the period of 
the experiments, leading questions were care- 
fully avoided. Much of the information was 
volunteered by the subjects without the 
necessity for questioning. 

In several cases kymographic records were 
made to demonstrate the production of an in- 
creased resistance to the flow of fluid into the 
intestine as a result of sudden distention of 
the bile ducts. The hydrostatic pressure 
within the system, the intraduodenal pressure, 
and the number of drops flowing through the 
glass bulb, were recorded simultaneously. The 
pressure within the system was recorded by 
connecting a mercury manometer to the sys- 
tem of tubes leading to the bile duct. The 
intraduodenal pressure was measured by 
connecting a tambour to a duodenal tube 
attached to a balloon placed in the duodenum. 
The position of the balloon was determined 
by roentgenoscopic examination. A simple 


2This is the term used by Schwegler and Boyden in their de- 
tailed study of the development of the human “sphincter of 
Oddi,” to designate that intrinsic sheath of circular muscle that 
immediately invests the terminal intramural portion of the 
common bile duct. As pointed out by these authors it represents 
only a portion, but perhaps the most significant part of that 
complicated musculature which Oddi originally designated as 
the “Sphincter du choledoque.”’ Apparently it varies greatly 
in different -species but is especially well developed in man 
(Boyden, 2). 
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Fig. 1. Method employed to produce pain by hydraulic 
distention of the biliary ducts. 


electrical drop-counter recorded the flow of 
fluid. 


OBSERVATIONS 


Sudden distention of the common bile duct 
with normal salt solution under pressures 
varying from 50 to 100 centimeters of solu- 
tion induced deep epigastric or right upper 
quadrant pain in all but 1 of the 30 patients. 
Gradual distention, on the other hand, failed 
to induce pain. In 18 of the 29 patients expe- 
riencing pain the sensation remained localized, 
while in the 11 remaining it also radiated to 
the interscapular or right subscapular region. 
The deep epigastric or right upper quadrant 
pain preceded the development of the pain 
in the back. The interval was usually about 
30 seconds. In most cases the pain was in- 
tense, but occasionally it consisted of only a 
relatively mild discomfort. In one case there 
was complete absence of pain. 
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Fig. 2. Chart illustrating increased resistance to flow of 
fluid from the bile duct into the intestine, resulting from 
the production of spasm at the sphincter of Oddi. Six 
preliminary measurements of the sphincter resistance 
(method of Elman and McMaster) varied from 16 to 19 
centimeters of water. At point £ the infusion flask (Fig. 1) 
was momentarily raised to a level 50 centimeters above the 
zero point. Following this, sphincter resistance measure- 
ments were again made, and 4 minutes after the sudden 
distention of the bile ducts a pressure of 45 centimeters of 
water was required to force fluid into the intestine. This 
indicated that the momentary distention of the bile duct 
produced an obstruction to the flow, and other evidence 
(Fig. 4) demonstrates that this obstruction is due to a 
contraction of the sphincter of Oddi. The sphincter spasm 
had relaxed after 8 minutes. 


The pain subsided within a minute after 
removing the increased pressure unless spasm 
persisted at the sphincter, in which case the 
pain persisted until the spasm subsided. The 
pain induced by spasm disappeared within 5 
or 10 seconds after relaxation. The presence 
of spasm was established by measuring the 
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Fig. 3. Kymographic record of the pressure within the system used to distend the 
bile ducts, B, and the flow of fluid through the bile duct into the intestine as recorded 
by a drop-counter, A. At point £ the pressure within the distending system was raised 
from 14 to 65 centimeters of water, at which level it was maintained for 50 seconds. 
When no fluid was passing through the drop-counter the recording level was at the 
upper level on the graph. When individual drops flowed, separate excursions of the 
lever occurred. When there was a constant stream, the lever was held at the lower 
level. The subject experienced pain throughout the period of distention, but during 
the periods when there was increased resistance to flow, as revealed by a slowing of 
the stream to a point where individual drops could be recorded or even to a temporary 
complete cessation of flow (indicated by points, S), the pain was much more intense 


(indicated by points, J). 


resistance to the flow of fluid through the 
glass bulb (Fig. 1). Spastic contraction of the 
sphincter increased the resistance to flow of 
the fluid so that pressures of 50 or 60 centi- 
meters of water were required to force fluid 
into the intestine, whereas normally the 
sphincter resistance varies from g to 23 centi- 
meters of water, and is usually around 15 
centimeters. The occurrence of spasm follow- 
ing a momentary increase in pressure is illus- 
trated in Figure 2. Such spasm produced pain 
which is similar to, but much more intense 
than, the pain produced by simple distention. 

Figure 3 illustrates graphically the fact that 
pain was more intense during the periods of 
increased resistance to flow than during 
periods of simple distention. That the in- 
creased resistance to flow was due to a spasm, 
presumably at the sphincter of Oddi, rather 
than to a contraction of the duodenal muscu- 
lature is demonstrated by the kymographic 
record reproduced in Figure 4. 

One might expect that the 25 patients who 
experienced reference of pain to the back 
prior to operation would suffer a similar sub- 
scapular or interscapular pain when the ducts 
were distended. Only 11 of these, however, 
experienced such radiation, while in 18 the 
sensation remained localized in the epigas- 
trium or right hypochondrium. Further- 


more, there was radiation of pain to the back 
in one of the subjects who had had no 
such radiation before operation. The patients 
stated that the pain in the epigastrium or 
right upper quadrant was practically identical 
with the pain previously experienced during 
periods of biliary tract disease. 

Associated with the pain there was a 
marked rigidity of the muscles of the ab- 
dominal wall, greatest in the right upper 
quadrant. This rigidity disappeared as soon 
as the pain was relieved. Inspiratory distress 
was a frequent accompaniment. It was im- 
possible to examine for localized tenderness 
because of the intensity of the pain already 
present. 

There was vomiting in 2 cases, and 1 other 
patient vomited a short time after the com- 
pletion of the experiment. A feeling of fullness 
in the epigastrium was frequently described 
and 5 patients complained of nausea. One 
patient fainted, presumably as a result of the 
severity of the pain. 

Six patients belched when the ducts were 
distended. Attempts were made to study the 
mechanics of the eructation in 2 patients by 
roentgenoscopic examination after the admin- 
istration of a small barium meal. In both in- 
stances it was impossible to produce belching 
during the period of this examination. At the 
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Fig. 4. Kymographic record of the flow of fluid through the bile duct into the intes- 
tine as recorded by a drop-counter, A, the pressure within the system used to distend 
the bile ducts, B, and the intraduodenal pressure, C. At point E the pressure within 
the distending system was raised from 18 to 50 centimeters of water, where it was 


maintained for 40 seconds. The method of estimating the rate of flow is the same 
as that used in Figure 3. In this case also, the subject experienced pain throughout 
the period of distention, but again the pain was more intense (indicated by points, /) 
when there was an increased resistance to flow as revealed by a slowing of the stream 
to a point where individual drops could be recorded, or even to a temporary complete 
cessation of flow (indicated by points, S). There was no relationship between the in- 
traduodenal pressure and the development of the pain. It seems apparent, therefore, 
that the increased resistance to flow is not due to a contraction of the duodenal mus- 








culature but rather to an independent action of the sphincter of Oddi. 


time of the roentgenoscopic examination the 
patients were in the erect position, whereas 
our other observations were made with the 
patients supine. Whether or not this difference 
in position could account for the difference in 
results can not be stated. 


VISCERAL PAIN, ORIGIN AND CAUSE 


While a few investigators still deny the 
existence of true visceral pain, numerous 
recent experimental contributions have indi- 
cated fairly conclusively that visceral pain 
actually does exist. It is well known, how- 
ever, that endings of the afferent fibers in the 
viscera are insensitive to many types of stimu- 
lation which initiate impulses in somatic 
fibers. Adequate stimuli for elicitation of 
visceral pain depend upon pressure on nerve 
endings in the end organ, such as is produced 





by spasm (Ryle) or distention (Hurst, 9). 
Other types of stimulation are much less 
effective. The impulses initiated by spasm 
and by distention are probably identical. In 
our experiments similar reactions followed 
each of these two types of stimulation. This 
being true, one might assume that the same 
type of receptor acts in both instances. It is 
a fact, however, that the pain resulting from 
spasm was much more intense than the pain 
associated with simple distention. 

Once initiated, impulses from the region of 
the biliary tract travel to the central nervous 
system by way of the major splanchnic nerves 
(Fig. 5). The first neurone of this system has 
its cell body in the spinal ganglion. The cen- 
tral fibers of this neurone enter the spinal cord 
through the dorsal root. The observations of 
Davis (4, 5) indicate that, within the spinal 
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Fig. 5. The pathway for the transmission from the 
biliary tract to the central nervous system of impulses 
leading to pain sensations. 


cord, the visceral afferent impulses ascend in 
relays of short neurones, with synapses in the 
gray matter of the cord. It is not known 
whether the visceral pain impulses pass di- 
rectly to the cerebrum by way of a visceral 
thalamic-cerebral radiation or whether a 
transfer occurs in the thalamus so that 
impulses are conducted thence to the cere- 
brum by way of tertiary somatic sensory 
neurones. 

The pain which the patients experienced 
was not localized to a small region, but was 
always rather diffuse in the epigastrium or 
right hypochondrium. This is in agreement 
with the findings of Head, Livingston, Ivy, 
Davis, Pollock, and Stone (6), and others. 
Ivy has shown that localization of visceral 
pain to a specific organ (stomach, duode- 
num, and jejunum) can be accomplished by 
a trained individual. Davis, Pollock, and 


Stone (6) have shown experimentally that 
distention of the gall bladder in cats results 
in evidence of pain even after all thoracic 
nerves have been divided. 





In certain individuals in the presence of 
adequate stimulation, a referred pain to the 
back also results. This consists of an “‘erro- 
neous reference’’ of the pain to a somatic part 
innervated by nerves originating in the seg- 
ments of the spinal cord receiving visceral 
afferent fibers from the stimulated viscus. In 
the case of the biliary tract the primary re- 
ceptive centers are located at the sixth to 
ninth thoracic levels, and if, as rarely, the 
phrenic terminals become involved they are 
at the level of the fourth cervical segment. 
The somatic regions to which pain resulting 
from biliary irritation is referred are the right 
subscapular or interscapular regions, and oc- 
casionally the right shoulder-cap area. 

In one of our patients pain failed to develop 
in spite of sudden distention under a pressure 
of 100 centimeters of water. It is well known 
that there are marked individual differences 
in pain thresholds and in cerebral receptive 
ability. Apparently such differences account 
for the absence of pain in this case. Ivy has 
pointed out the clinical significance of this 
individual variation in relation to the so called 
“silent” cases of cholecystitis and chole- 
lithiasis. 

Our results differ from those of other inves- 
tigators, whose observations are considered 
in the following paragraphs, in several re- 
spects: First, reference of the pain to the back 
occurred in 11 of our 30 patients subjected to 
distention of the common bile duct. Second, 
a time relationship between the development 
of the pain in the epigastrium and right hypo- 
chondrium, and the pain in the interscapular 
or right subscapular region, has been estab- 
lished. The pain in the back developed later 
than the pain in the epigastrium and right 
hypochondrium by an interval of about 30 
seconds. Furthermore, the pain in the back 
never occurred in the absence of pain in the 
epigastrium or right hypochondrium. Third, 
the pain in the back occurred in one patient 
who had not experienced it in connection with 
his biliary tract disease. 

Zollinger (17, 18) studied the effects of dis- 
tention of the gall bladder in 9 human sub- 
jects at the time of operation. A few of his 
studies were made using patients operated 
upon under local anesthesia. The remainder 

















were allowed to recover from general anes- 
thesia sufficiently to answer questions in- 
telligently. He found that distention of the 
gall bladder was followed by deep epigastric 
discomfort which was neither referred to the 
gall-bladder region nor to the back. Two of 
his patients experienced no discomfort regard- 
less of the amount of distention. Distention 
of the gall bladder producing contact with 
the parietal peritoneum gave localized pain 
which could be markedly relieved by infiltra- 
tion of the overlying abdominal wall by pro- 
caine hydrochloride. Inspiratory distress also 
followed distention of the gall bladder. 

Similar, but more pronounced findings were 
reported by Zollinger following distention of 
the common bile duct in three human sub- 
jects, and in these patients likewise, there was 
no reference of the pain to the gall-bladder 
region or the back. Vomiting occurred in 2 of 
his 3 cases. 

Zollinger and Walter (19), employing the 
direct method of stimulating the gastro- 
intestinal tract which was introduced by 
Boyden and Rigler (3), studied the effects of 
faradic stimulation of the common bile duct 
in 8 patients in whom an electrode had been 
incorporated in the common duct catheter at 
the time of choledochostomy. They found 
that the pain resulting from faradic stimula- 
tion was referred to the back in 4 of the 8 
patients. They stated that the pain was re- 
ferred to the back in those patients who de- 
scribed such radiation before operation, and 
expressed the belief that reference of pain to 
the back could be produced by faradic stimu- 
lation but not by distention. Opposed to this 
theory, however, are the observations of 
Boyden and Rigler (3) who were unable to 
produce pain in the back by faradic stimula- 
tion of the stomach, notwithstanding the 
occurrence of such pain in some cases of 
gastric ulcer. 

It has been demonstrated by Schrager and 
Ivy that distention of the biliary passages in 
dogs is followed by evidences of pain, inhibi- 
tion of respiration, and salivation. The saliva- 
tion was interpreted by the investigators as 
indicative of nausea. Vomiting was some- 
times produced. 

Ogilvie, studying the effects of distention 
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of the gall bladder in patients who had under- 
gone cholecystostomy, found that distention 
of the gall bladder produced a sensation vary- 
ing from extreme discomfort to actual pain. 
The pain was vaguely localized to the region 
of the gall bladder in 4 of 6 cases, once to the 
xiphoid process of the sternum and once to 
the left hypochondrium. Reference to the 
back occurred in only 1 case, and in this pa- 
tient it spread from the left hypochondrium 
around the costal margin to the left scapular 
region. Nausea was present in 4 of the 6 cases, 
but vomiting did not occur. 

In conclusion, it is difficult to explain the 
significant fact that reference of pain to the 
back, which can not be related in any simple 
way to the intensity of the stimulus, occurs 
in some patients and not in others. Our only 
contributions to this problem are that anterior 
pain is primary, and that a latent period of 
approximately 30 seconds always intervenes 
between the appearance of sensations in the 
regions of the distributions of the anterior 
and posterior divisions of the thoracic nerves. 
This suggests that reference of pain to the 
back is the result of a spreading of impulses 
in the central nervous system. The absence of 
such a spreading in more than half of the 30 
cases submitted to comparable stimuli, may 
be due either to differences in physiological 
thresholds or, as Boyden and Rigler (3) have 
suggested, to a variability in juxtaposition of 
the nerve endings from the anterior and 
posterior divisions of the thoracic nerves 
within the central nervous system. 


SUMMARY 


1. Studies of visceral pain resulting from 
distention of the common bile duct were made 
in 30 unanesthetized human subjects who had 
previously undergone cholecystectomy and 
choledochostomy. 

2. Twenty-nine patients experienced deep 
epigastric or right upper quadrant pain follow- 
ing sudden distention of the common bile 
duct, and in 11 patients there was radiation 
of the pain to the right subscapular or inter- 
scapular area. 

3. In some cases spasm of the sphincter of 
Oddi could be produced by sudden distention 
of the bile ducts. Such spasm produced pain 
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which was similar to, but more intense than, 

the pain produced by simple distention. Con- 

traction of the duodenal musculature appar- 
ently did not play a significant rdle in the pro- 
duction of this pain. 

4. The pain in the back developed later 
than the pain in the epigastrium or right 
hypochondrium by an interval of about 30 
seconds. 

5. Nausea occurred in 5 patients, 3 of whom 
vomited, and 6 patients belched when the 
bile ducts were distended. 

We are indebted to Dr. E. A. Boyden of the Depart- 
ment of Anatomy for suggestions and criticisms, and to 
Dr. I. Vigness, Department of Biophysics for technical 
assistance in the preparation of the drop-counter. 
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A SECRETORY DEPRESSANT IN THE ACHLORHYDRIC 





GASTRIC JUICE OF PATIENTS WITH CARCINOMA 
OF THE STOMACH 


ALEXANDER BRUNSCHWIG, M.D., F.A.C.S., T. HOWARD CLARKE, M.D., 
JOHN VAN PROHASKA, M.D., and ROBERT L. SCHMITZ, M.D., Chicago, Illinois 


N a previous communication (2) it was re- 
ported that when 16 of 18 different sam- 
ples of achlorhydric gastric juice from 
patients with pernicious anemia were in- 

jected intravenously into dogs with gastric 
pouches that had been stimulated by feeding 
the animals, a transitory depression of pouch 
secretion and achlorhydria occurred. In a se- 
ries of controls (34 samples), consisting of gas- 
tric juices from patients not suffering from 
pernicious anemia or malignant neoplasms, 
approximately 18 per cent of the samples pro- 
duced a similar result. The difference between 
the 2 groups was considered great enough to 
suggest that in pernicious anemia there may 
be an excess of a gastric secretory depressant 
in the stomach. 

Certain other diseases are reported to be 
characterized by an abnormally high inci- 
dence of gastric hyposecretion and achlorhy- 
dria; these include cholecystitis, carcinoma of 
the pancreas, diabetes mellitus, leucemia, and 
carcinoma of the stomach. The question of a 
relationship between the gastritis of pernicious 
anemia and the gastritis which is now fre- 
quently conceded to accompany and even pre- 
cede the development of gastric carcinoma has 
been discussed in the literature for many years. 
Thus, in view of the mentioned experiments 
with pernicious anemia gastric juice, similar 
experiments were conducted using gastric juice 
from patients with carcinoma of the stomach. 

In male and female dogs weighing 5 to 15 kil- 
ograms, subtotal gastric pouches and “‘wedge”’ 
pouches (Fig. 1) were made and in some in- 
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stances Heidenhain pouches. Because of the 
wide variation in secretion from the latter, no 
dog with this type of pouch was employed in 
which adequate control observations did not 
demonstrate the reliability of continued secre- 
tion of highly acid juice under the stimulation 
of cooked meat at intervals over periods of 
several hours. 

A typical experiment consisted of placing 
the dogs on a table where a limited amount of 
movement was possible; free access to water 
was afforded and pieces of cooked lean meat, 
approximately the size of a human digit, given 
at intervals of 10 to 40 minutes. A glass Soxh- 
let flask was suspended beneath the cannulz. 
The pouch secretion was collected at 10 min- 
ute intervals and titrated for free and com- 







Lines of 
excision 


"Wedge" pouch Heidenhain UV pouch 


Fig. 1. Schematic illustrations showing types of gastric 
pouches used in dogs. 








SURGERY, GYNECOLOGY AND OBSTETRICS 


TABLE I.—ACHLORHYDRIC JUICES FROM TABLE I.—CONTINUED 
PATIENTS WITH CARCINOMA OF THE STOMACH 
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Since secretory depressant effects were sought, the arbitrary system of 
recording the effects of such injections upon the pouch secretion was as 
follows: —, No depressant effect on pouch secretion (Fig. 2); +, reduc- 
tion of volume of secretion to approximately 3 drops or less per 10 min- 
ute period for at least two such periods, or reduction of free acid to 25 
clinical units or less when the titer of the juice was at least 50 to 60 clin- 
ical units or higher during control observations; ++, achlorhydria for 
10 to 30 minutes; +++, achlorhydria for 30 to 60 minutes; ++++ 
achlorhydria for 60 minutes or longer (Fig. 3). 
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bined acid by means of tenth normal sodium 

hydroxide using Toepfer’s reagent and phenol- 

thalein as indicators, respectively. The results 

are expressed in “‘clinical units.’’ When vig- 

orous secretion was established the human gas- 

tric juice to be tested, neutralized to litmus if 

it was acid, was injected intravenously in an Ee 
extremity vein in an arbitrary dose of 1 cubic valet 
centimeter of the juice per kilogram weight with 

of the dog. If depressant effects were noted, the The 1 
experiment was always continued until the some 
pouch secretion returned spontaneously to pre- eved | 
injection levels of volume and acidity. For one 6 
reasons stated below, rectal temperatures were Howe 
taken in all dogs at 10 to 30 minute intervals 
during each experiment. 

All samples of human gastric juice were ob- 
tained according to the usual technique for 
histamine test of gastric secretion performed 
in the morning after a night’s starvation. Be- 
fore injection the samples were centrifuged to 
remove gross particles. If very mucoid, water 
was added to reduce the viscosity, the added 
volume being taken into account when the in- 
jections into the dogs were made. 

Preliminary control observations showed 
that in 12 experiments intravenous injection 
of neutralized dog’s pouch juice into the dog 
from which it was obtained or into another 
dog did not result in a depression of pouch 
secretion. 
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Fig. 2. Graph of control experiment in which achlorhydric gastric juice from a pa- 
tient with cholecystitis was injected into a pouched dog in which secretion was stimu- 
lated by repeated meat feedings. The injection was not followed by a significant alter- 


ation in the pouch secretion. 


Experiment A. Thirty samples of achlor- 
hydric gastric juice from as many patients 
with carcinoma of the stomach were tested. 
The results were summarized in Table I. In 
some instances the quantities of juice recov- 
ered from the patient were so small that only 
one satisfactory experiment was obtained. 
However, such samples are not considered in 


TABLE II.—SUMMARY OF RESULTS WITH 
SAMPLES OF GASTRIC JUICES USED AS CONTROLS 


Results of 
Number experiments 
of Nega- Posi- Per cent 
samples tive tive positive 
Human gastric juice, average 
or high acid from patients 
not presenting pernicious 


anemia or gastriccarcinoma. 80 64 16 20 
Acid gastric juices from carci- 
nomatous stomachs........ 12 10 2 17 


Achlorhydric juices from cases 
other than pernicious anemia 
or malignant neoplasm any- 


where in the body......... 25 18 7 28 

MN eS oe cco ec 117 92 25 21 
Achlorhydric juices from pa- 
tients with carcinoma of the 

stomach (from TableI).... 27 6 21 78 


the estimation of results. (Cases 1, 12, and 17.) 
Where at least 3 experiments were possible, 
2 positive results were considered necessary 
for the sample to be regarded as a positive 
sample. In Case 4 the 1 positive experiment 
out of 3 was deemed insufficient to warrant 
the sample being considered as containing the 
secretory depressant. If this were a control 
sample, however, it would be considered as 
positive. As is to be expected in biological ex- 
periments with crude substances, uniform re- 
sults are not always obtained; thus with some 
of the positive samples negative experiments 
were not infrequently obtained even in the 
dogs which yielded positive results on other 
occasions. 

Of 27 samples, 21 were considered to con- 
tain a gastric secretory depressant, that is 78 
per cent of the series. In 5 instances the posi- 
tive juices were boiled for 10 minutes and 
water then added to make up the original vol- 
ume. Injection of such boiled juices into the 
same dogs which gave positive results with the 
unboiled portions did not result in a depres- 
sion of the pouch secretions. The latent period 
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Fig. 3. Graph of experiment showing depression of pouch secretion following injection 
of achlorhydric gastric juice from patient with carcinoma of the stomach. Note eventual 
return of secretion and free acid after effects of the injection have worn off. 


between injection and depression of pouch se- 
cretion was usually 20 to 60 minutes, although 
in some instances it was as long as 2 hours. 
Experiment B. Control experiments were 
conducted using (1) juices of normal or high 
acidity from patients without malignant tu- 
mors or pernicious anemia, (2) juices of patients 
with carcinoma of the stomach but normal or 
high acidity in the juice, and (3) with achlor- 
hydric juices from patients not presenting 
malignant neoplasms or pernicious anemia. 
The results were tabulated according to the 
same criteria as employed for the experiments 
with achlorhydric juice from patients with 
carcinoma of the stomach. They are summa- 
rized in Table II. In most instances 2 to 4 
experiments were performed with each sample. 
In these control experiments a single posi- 
tive experiment with a given sample was suffi- 
cient for that sample to be regarded as positive 
even though all other experiments with it were 
negative. Thus the criterion for tabulation of a 
sample as positive was less rigid than in group 
A. Of this control group, comprising juices 
from 80 patients, 20 per cent were positive. 


All experiments could not be performed in 
all the dogs, but each dog in which positive 
results had been observed was also employed 
in many control experiments which for the 
most part yielded negative results. 


EVALUATION OF RESULTS 


Several factors must be taken into consider- 
ation in the evaluation of the results recorded 
above before assumption that the gastric se- 
cretory depressant was due to a factor in the 
juice. It is necessary, first, to rule out temper- 
ature as a factor in the secretory depression 
because a sudden rise in temperature to 40.5 
or 40.6 degrees C. or above in “fresh” animals 
produced by an intravenous injection will in 
itself cause marked inhibition of gastric secre- 
tion and achlorhydria (5). Thus prior to use 
the dogs were immunized against such febrile 
reactions by repeated daily intravenous injec- 
tions of small quantities of the juices. In some 
cases immunization to fever producing sub- 
stances did not develop since high temper- 
atures continued to occur after each injection 
but the dogs themselves developed the facility 
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to continue gastric secretion at temperatures 
as high as 42 degrees C. Such “‘temperature 
resistant” animals could of course be employed. 

No correlation was possible between the age 
of the patient and the presence or absence of 
the gastric secretory depressant in the juice. 

The positive experiments could not be ac- 
counted for by vomiting although this some- 
times occurred after injection of both achlor- 
hydric juices from cancerous stomachs and in 
control experiments. Once a vigorous secre- 
tion is established as a result of feeding, emp- 
tying the stomach by vomiting does not result 
in sudden cessation of pouch secretion. The 
latter may continue for an hour or more. 
If animals did vomit they ate voluntarily 
again 10 to 15 minutes later or were force 
fed cooked meat. 

According to Browne and Vineberg, depres- 
sion of the carbon dioxide combining power of 
the blood results in inhibition of gastric secre- 
tion. Carbon dioxide combining powers of 
samples of blood taken in the above experi- 
ments during the induced achlorhydric pe- 
riods did not differ from those taken prior to 
the injections. 

That special bacterial flora in achlorhydric 
stomachs might elaborate toxins, which would 
suppress gastric secretion, is not a likely ex- 
planation for the positive results, in view of 
the observations obtained using a series of 
achlorhydric juices from patients not pre- 
senting gastric cancer or pernicious anemia 
(Table IT). 

It is conceivable that prolonged vasodila- 
tion might eventually result in depression of 
gastric secretion. Experiments on anesthe- 
tized dogs whose carotid arteries were can- 
nulated to a manometer showed that the 
juices which produced positive results in the 
experiments quoted did not produce profound 
and prolonged vasodilation. An appreciable 
and sustained drop in blood pressure was 
sometimes observed following intravenous in- 
jection of such juices but similar or even more 
marked lowering of the blood pressure also 
occurred with samples of juices which did not 
affect the secretions of the stimulated gastric 
pouches. ; 

Experiments were conducted in which sa- 
liva from patients with a variety of diseases, 


BRUNSCHWIG er at.: DEPRESSANT IN ACHLORHYDRIC GASTRIC JUICE 29 








including gastric cancer and pernicious ane- 
mia, was injected instead of gastric juice into 
the pouched dogs. Positive and negative re- 
sults were obtained but it is felt that these 
results constitute a problem apart from, al- 
though possibly related to, that dealt with in 
this report. Suffice it to say that the results 
obtained with saliva did not closely parallel 
those obtained with gastric juice from the 
same patient. If saliva which cannot be en- 
tirely kept out of a sample of juice from a 
patient introduces an additional factor, such a 
factor is also present in the control experiments. 

It would thus appear that the secretory de- 
pressions and achlorhydrias observed in the 
gastric pouches in experiments of groups A 
and B quoted, were not artifactual but due to 
some depressant in the human gastric juices. 

Enterogastrone is a hormone, or chalone, 
described by Kosaka and Lim, and by Ivy, 
and is generated in the duodenal mucosa when 
this is in contact with fat. When absorbed or 
injected into the circulation it has been shown 
to cause inhibition of gastric secretion and 
free acid liberation. In all the patients herein 
studied, the gastric juice was collected in the 
morning after a night’s starvation and thus 
fat was not present in the duodenum. Fur- 
thermore, 4 pouched dogs were fed a small 
piece of meat and this was followed by fre- 
quent feedings over a period of 2 hours of pure 
suet dipped in olive oil. One hour after the 
first feeding and for a period of 3 hours there- 
after the juices, which for the most part con- 
tained free acid, were collected, pooled, stored 
on ice and the following day 1 cubic centimeter 
per kilogram of weight was injected into the 
same animals which, however, were now fed 
only lean meat. Of 10 experiments 8 were 
negative, one a one plus and one a two plus 
positive. Thus under optimum physiological 
conditions for its production enterogastrone 
does not appear readily and in high con- 
centration in the gastric juice of dogs. En- 
terogastrone produced in the usual known 
manner could hardly be the explanation for 
the secretory depressant found in the human 
gastric juices employed in the experiments 
here mentioned. 

From a review of the literature and in a 
series of experiments not reported here, it 
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would appear that inhibition of the volume 
of gastric secretion and free acid liberation 
might on occasion be observed in dogs as the 
result of intravenous injection of a wide vari- 
ety of substances including drugs, such as 
atropine, watery extracts of various normal 
and pathological tissues, urine, etc. Taken as 
a whole such reactions would seem non-spe- 
cific and have little bearing on the question 
of gastric hyposecretion and achlorhydria in 
gastric cancer in man. 

On the other hand in this study limited to 
gastric juices obtained in a uniform manner 
from patients and tested for a secretory de- 
pressant action on the stimulated dog’s gastric 
pouch, there is a pronounced difference in the 
incidence of such a gastric secretory depres- 
sant among the samples of achlorhydric juice 
from carcinomatous stomachs on the one hand, 
and acid juices from carcinomatous stomachs 
or samples from patients not suffering from 
carcinoma of the stomach or pernicious ane- 
mia on the other hand, regardless of whether 
the juices of the latter groups contain free 
acid or not. Thus there is a suggestion that 
the hyposecretion and achlorhydria accom- 
panying certain carcinomas of the stomach 
might be associated with an excess of a fac- 
tor, at least one property of which is an in- 
hibitory action upon the secretion of gastric 
juice and liberation of free acid. Furthermore, 
the incidence, or 78 per cent, of the secretory 
depressant in the series of achlorhydric gastric 
juices from cancerous stomachs herein studied 
approximates the incidence, or 89 per cent, of 
the presence of such a depressant previously 
observed in achlorhydric juices from patients 
with pernicious anemia (2). 

The 20 per cent incidence of the secretory 
depressant observed in the controls may be 
interpreted in one of two ways. First, it might 
be regarded as the incidence of non-specific 
depressant effects that follow injections of any 


series of human gastric juices. In this event 
the much higher incidence of the depressant 
observed in achlorhydric juices from carcino- 
matous stomachs would suggest the presence 
of an abnormal substance with gastric secre- 
tory depressant properties in the latter stom- 
achs. Second, if the incidence in the controls 
is regarded as evidence of a normal gastric 
secretory inhibiting mechanism, the greater in- 
cidence of the depressant found in the achlor- 
hydric gastric juices from carcinomatous 
stomachs would suggest that with certain car- 
cinomas of the stomach there is a hyperactivity 
of a normal secretory inhibiting mechanism. 


SUMMARY 


Samples of achlorhydric gastric juice from 
patients with carcinoma of the stomach were 
tested for a gastric secretory depressant action 
by intravenous injection into dogs with stim- 
ulated gastric pouches. Of 27 samples, 21, or 
78 per cent, were found to exert an inhibitory 
action upon the pouch secretions as compared 
with similar effects obtained with approxi- 
mately 20 per cent of 80 samples regarded as 
controls from patients not presenting carci- 
noma of the stomach or if so with normal or 
hyperchlorhydria. 

The depressant factor was inactivated by 
boiling the juice containing it for 10 minutes. 
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THE DIGITAL PLETHYSMOGRAPH AS A MEASURE OF THE 


PERIPHERAL CIRCULATION 


CARL A. JOHNSON, M.D., Chicago, Illinois 


PLETHYSMOGRAPH is defined (12) 
as, “An instrument for recording 
graphically the varying size of a part 
as determined by the fullness of its 

blood vessels.”” Plethysmographs are of two 
kinds depending upon the medium surrounding 
the part; that is, some use a liquid to transmit 
the volume changes and some use air. The in- 
struments are used for various purposes and 
are designated by various names, according to 
their use, such as the “Henderson cardiometer”’ 
for use on the heart, the “‘oncometer’’ for use 
on the spleen and kidneys, and, in this in- 
stance, the “digital plethysmograph” for use 
on the fingers and toes. They are used to 
measure the slow volume changes such as oc- 
cur with vasoconstriction or dilatation, and 
those rapidly induced such as are associated 
with the heart beat as measured by the Hen- 
derson cardiometer or by the digital plethys- 
mograph. 

Plethysmographs have been used since early 
times for the study of physiological processes, 
particularly the physiology of muscle contrac- 
tion and the study of circulation. Clinically, 
they have been used in more recent years for 
the study of various diseases, especially those 
concerned with impairment of the peripheral 
circulation. 

The first plethysmographs of which illus- 
trations can be found were devised by Jan 
Swammerdam (1637-1680), although one used 
by Francis Glisson probably antedated these. 
Jan Swammerdam used his instrument to 
study muscle physiology; descriptions can be 
found in his works as edited by Boerhaave in 
Biblia Nature (1737) (13). He demonstrated 
that contraction of muscle was not due to an 
explosion within the muscle, as was then gen- 
erally believed, and that contraction of somatic 
muscle produced only minor changes of volume 
of the muscle in question (Fig. 1). 


From the Vascular Group of St. Luke’s Hospital, and the 
Department of Medicine, Northwestern University. 


The instrument devised by Swammerdam 
used air conduction acting on a droplet of 
water, the movement of the droplet of water 
acting as an index of volume change (Fig. 1). 
Water offers considerable resistance to move- 
ment and does not respond to small volume 
changes or those rapidly induced. A droplet of 
95 per cent! alcohol used in the instrument to 
be described overcomes this difficulty and 
reduces the internal resistance of the instru- 
ment to a minimum (Fig. 2). 

Instruments are usually designed to meet 
specific requirements. Although the one used 
by Swammerdam served his purposes very 
well, it is unsuited for clinical use. The plethys- 
mograph to be described was designed to meet 
the following requirements: (1) to make meas- 
urements of volume changes of the fingers and 
toes where the first manifestations of vascular 
disease of the extremities usually occur; (2) for 
clinical studies, for which purpose the instru- 
ment should be simple, portable, and accurate; 
(3) to make permanent records for future com- 
parisons. This requires accurate calibration 
of the instrument. 


PRINCIPLE OF THE DIGITAL PLETHYSMOGRAPH 


The principle of the instrument can best be 
understood from a study of the first model; 
and although a description has been published 
previously (6), a brief review will serve to give 
a clearer understanding of the new instrument. 

It consists of a 1 inch test tube (Fig. 2) to 
which is fused a 1 cubic centimeter pipette 
graduated to .o1 cubic centimeter and a bi- 
pass stopcock for adjustments. The open end 
of the 1 inch tube is covered with a rubber 
dam with a hole sufficient to admit one finger. 
The instrument is operated with the pipette in 
the horizontal position and when arranged as 
shown in Figure 2, the droplet of alcohol will 


1Alcohol has a slightly lower specific gravity, viscosity, and 
surface tension than water; in addition, its motion is not impeded 
by the film of grease which tends to collect on the recording tube 
when water is used. 
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Fig. 1. This figure represents a reproduction from Boerhaave’s Biblia Nature and 
shows illustrations of the plethysmographs used by Jan Swammerdam. The text is a 
literal translation from part of the original text to this figure. I, Muscle movement 
in the frog. aa, The 2 muscle tendons grasped by the fingers; }, when the hanging nerve 
is touched, the muscle contraction draws the 2 hands together. II, Method showing. 
thickening of muscle in contraction. a, Glass tube through which muscle is drawn; 
bb, 2 needles transpiercing tendons; c, the nerve touched; dd, displacement of needles 
bb; e, contracting muscle fills up center of glass tube. III, Method showing that the heart Fi 
occupies less space in contraction. a, Contracting heart is placed upon piston of glass view 
tube; bb, glass tube; c, water droplet introduced into tube of siphon descends with heart with 
contraction; d, place in tube showing distance moved by droplet during time of de- ing t 
scent. IV, Method showing that contracted muscle takes up less space. a, Tube; up ¢ 
b, muscle; c, silver thread through loop of which the nerve is passed; d, copper thread light 
with loop at top through which silver thread is drawn; e, water droplet in siphon the 
tube; f, hand stimulating nerve, muscle contracts, and droplet descends a little. V, An- of tk 
other method of showing the above. a, Glass siphon; ), aperture drilled in the siphon; 
c, nerve drawn through the aperture. it i 
. . _ = whi 
oscillate with each heart beat, the extent of The original photographic instrument has been aa 
which varies with differing circumstances as_ described (7), but a new improved one has the 
will be discussed later. been made with a new optical system. Figure siti 
As the eye cannot visualize accurately the _ 3 shows the instrument ready for use with hain 
extent of this movement, the instrument has _ optical registration of the movements of the in 
been adapted to photographic registration. droplet of alcohol. From a study of Figure 4, wali 
com 
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Fig. 2. A line drawing of the simplest form of digital plethysmograph. The droplet <00 
of 95 per cent alcohol is shown in black for illustrative purposes only. The rest of the tati 
ath 


diagram is self-explanatory. 
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Fig. 3. Two views of the new instrument. The upper 
view illustrates the general appearance of the instrument 
with its illuminating device. The thumb screws for remov- 
ing the side plate for loading the instrument and the pick- 
up chamber for exposed paper which is removable and 
light proof are also shown. The lower photograph shows 
the instrument arranged for taking records. (By courtesy 
of the W. M. Welch Manufacturing Co.) 


it is seen that the focal point of the pipette 
which acts as a plus cylinder, is behind the 
sensitive paper, but if alcohol is introduced, 
the focus of the pipette alcohol is on the sen- 
sitive paper and thus produces a very dark 
image on a gray background as shown in Fig- 
ure 5. The graduations on the pipette face the 
sensitive paper and merely intercept the in- 
coming light rays and appear as white lines 
(Fig. 5). This automatically calibrates the 
digital plethysmograph so that volume changes 
to 0.002 cubic centimeter can be measured 
accurately. 

Accuracy of the instrument. The volume of 
the finger is so great as compared with the 
finger volume change, being approximately 
1300 to 1 in the normal individual and about 
500 to 1 in patients with severe aortic regurgi- 
tation, that slight errors in application of the 
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Fig. 4. Optical system of the digital plethysmograph 
illustrating the simplicity of the recording camera. 


finger chamber still give values within the 
range of experimental error of .o02 cubic centi- 
meter. This is borne out further by the follow- 
ing computations: 


Volume of Volume of 
Deflection finger Deflection finger 
.O15 = 20 x >: #18 
x _ .0135 
-O15 20 o° x : 22 
x = .o160 


Either one of these figures lies within the 
range of experimental error. Records of finger 
volume changes can be made rapidly and ac- 
curately and the instrument is so simple that 
it does not require more than ordinary skill 
to operate. It can be used and good photo- 
graphs obtained of clinical patients in partially 
lighted rooms such as hospital wards. 

In order that the data offered in this report 
may not be misinterpreted and that the real 
purpose of the paper be understood, some of 
the results are anticipated in this brief intro- 
duction: 
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ume changes have been made and compared patients, those with aortic regurgitation, and 
with results of measurement of the stroke out- 


I. 


Certain computations from finger vol- 





SURGERY, GYNECOLOGY AND OBSTETRICS 


RIGHT HAN! LEFT HAN! - 
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aS ° 
BLP 
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Fig. 5. Illustrative record of the finger volume changes in a normal medical student. 
The black area represents the width of the recording droplet of ethyl alcohol and does 
not enter into the measurements. Measurements are made from the depression to the 
peak of the oscillations. The horizontal lines are projections of the graduations on the 
recording pipette, and the distance between any 2 lines is 0.01 cubic centimeter. The 
vasodilating effects of local heat are well illustrated in this record by the increased 
amplitude of the excursions. 
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Fig. 6. This figure shows the effect of local heat on the finger volume changes in a 
patient with complete heart block. Note that the control finger volume changes are 
about twice the normal, as shown in Figure 5. This is interpreted as due to the in- 
creased stroke output of the heart to compensate for the slow heart rate. Local heat 
produced only a small increase which suggests that vasodilatation jis present which in 
part also compensates for the slow heart rate. 
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Fig. 7. This figure illustrates the exaggerated finger volume changes one obtains from 
patients with severe aortic regurgitation. These changes are probably a reflection of 
the increased stroke output of the heart. Local heat produced a marked vasodilatation. 





CIRCULATION 


parisons are offered as part of the proof that 
the digital plethysmograph gives an accurate 
index of the peripheral circulation. I am not 
offering this as a new method for measuring 
the stroke output of the heart. 

2. Further proof is shown by measurements 
of vasodilatation following the local heat, gen- 
eral heat, and nerve block. These procedures 
were chosen for illustration because it is gen- 
erally accepted that they uniformly produce 
vasodilatation of the peripheral vessels in the 
absence of organic occlusion and if the blood 
pressure is maintained. Results of these studies 
coincide with the generally accepted views. 

3. Finally, results of studies following ex- 
perimental vascular occlusion and the vas- 
cular occlusion of disease are given. They 
check with what would be expected from the 
procedures applied as well as with the results of 
postmortem examination of the blood vessels. 

The purpose of this paper is not so much 
to demonstrate the quantitative or qualitative 
nature of these studies, but to offer data on 
the value of this instrument and to present 
some of the views of the author regarding the 
interpretation of the results. 





] RESULTS OF STUDIES 


Normals. The finger volume changes vary 


with a number of circumstances, but at rest 





the usual response from the third finger is 
from .or to .o2 cubic centimeter as shown in 
Figure 5. This response is associated with the 
heart beat and its extent is influenced mainly 
by factors which maintain blood pressure, the 
most important of which are: the volume of 
the blood, the viscosity of the blood, the force 
and rate of the heart, the elasticity of the 
blood vessels, and the peripheral resistance. 
It is felt that the finger volume change as- 
sociated with the heart beat affords a simple 
method of measuring the peripheral circula- 
tion. It is well recognized that some tissues 
receive more blood per gram of weight than 
others; but if it is assumed that the fingers 
receive an average amount of blood in propor- 
tion to their volume, a rough estimation of the 
stroke output of the heart may be computed 
as follows: mass of the finger is to the mass 
of the body as the finger volume change is to 
the stroke output of the heart. If actual meas- 
urements are substituted, the results are shown 
in Table I. 

These figures are close to those obtained by 
other methods. This should not be construed 
to mean that it is offered as a measure of car- 
diac stroke outputs, but is merely inserted 
to show that the finger volume changes may 
serve as an index of the peripheral circulation. 
Further proof of this contention is more easily 
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Fig. 8. The effects of artificial fever from external heat 
on the finger volume changes is illustrated. The markedly 
increased amplitude is interpreted as due to increased 
peripheral circulation from vasodilatation and increased 
stroke output of the heart. 


shown in patients with an exaggerated re- 
sponse such as complete heart block with slow 
heart rate, and aortic regurgitation. 

Complete heart block. Various investigators 
agree that the stroke output of the heart is 
increased in complete heart block, although 
minute output is usually normal. The results 
of some of the studies found in the literature 
are in Table II. 

In this study, computations of the systolic 
output and the minute output of the heart 
were made from the finger volume changes 
in one patient, a white male, aged 56 years, 
weight, 89 kilograms, who had a comdlete 
heart block for which no definite etiological 
basis could be found (Table ITI). 


Time Pulse Resp. Temp. BI.P 
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Fig. 9. This illustration shows the effect of artificial 
fever from foreign protein on the finger volume changes of 
the third finger of the left hand. Note the decreased 
amplitude associated with chill followed by an increase 
This is interpreted as a primary vasoconstriction followed 
by vasodilatation. 


The test was repeated and the figures shown 
in Table IV obtained. These results in all 
probability are only a rough index of the sys- 
tolic output and minute output of the heart in 
complete block, but they are in keeping with 
results obtained by other methods, and further 
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Fig. to. The finger volume changes before and after median nerve block at the 
wrist, with novocain. Note the marked increased amplitude in the fingers innervated 
by the median nerve and a decrease in the fifth finger. These results are interpreted as 
vasodilatation in the fingers innervated by the median nerve from loss of vasoconstric- 


tor tone from the paralysis. 


TABLE I.—RESULTS OF AUTHOR’S EXPERIMENT 


























Right Hand Left Hand 
> | 
tat Mass of — Systolic | Mass of petal | Systolic 
finger change output finger change output 
I 20 .023 74.9 22 | .022 | 65 
2 21 .O17 53 19 | .or7 || si 
3 25 .026 67.5 22 021 | 62 
4 20 | .023 74.9 18 .O19 | 690 
5 15 o17 | 73.5 13 oro | 50 
Average 20.2 0212 68.4 18.6 0176 | 61.5 

















_This experiment was performed on a normal interne weighing 65 
kilograms; pulse 60; minute output right hand, 4,104; left hand, 3,690 
cubic centimeters. 


TABLE III.—COMPUTATIONS OF SYSTOLIC 
AND MINUTE OUTPUT OF HEART 


TABLE II.—RESULTS OF EXPERIMENTS 
FOUND IN LITERATURE 






































Systolic Minute 
Author Case output output 
in c.cm. in liters 
Alt, Walker, and Smith I 125 | 5.4 
Alt, Walker, and Smith 2 154 | 4.8 
Ellis and Weiss I 139 5.09 
123 4.92 
Ellis and Weiss 2 156 5.62 
147 5.28 
Ellis and Weiss 3 142 4-55 
141 4.00 
Ellis and Weiss 4 200 5.82 
156 4.69 
Liljestrand and Zander I 123 | 4.5 








TABLE IV.—RESULTS OF REPEATED TEST 












































, Finger . : , Finger . _ 
Date Finger pe mane —— ha emey — po Date Finger of anger — oe sy “an 
in¢.cm. |; ecm.| ccm. in liters in C.cm. | i) Cem, | inc-cm. in liters 
4-2-37 I 21 04 169 4-10-37 I 21 .024 102 
2 27 -034 112 2 27 .027 89 
3 28 .038 121 | 3 28 .036 114 
4 24 -034 126 | 4 24 .038 141 
5 16 .024 133 | 5 16 | -023 128 
__ Average | 19.2 .032 | 132 26 | 3-43 Average 19.2 | .0296 IIs 28 3.22 
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Fig. 11. The effect of artificial vascular occlusion on the 
finger volume changes. A blood pressure cuff was applied 
just above the cubital space and records were taken at 
various pressures. Note that the amplitude of the finger 
volume changes did not decrease much until pressures 
greater than the diastolic pressure were used. The finger 
volume changes were abolished when the systolic pressure 
was reached and returned to the control level when the 
cuff pressure was released. 


indicate that this method offers a good index 
of the peripheral circulation. 

Aortic regurgitation. The presence of aortic 
regurgitation is reflected in the peripheral 
circulation by well recognized signs such as 
Corrigan’s pulse, capillary pulse, and increased 
pulse pressure. The magnitude of these signs 
seems related to the degree of regurgitation. 

Wiggers has demonstrated on experimental 
animals that the magnitude of the backflow 


TABLE V.—COMPUTATIONS OF SYSTOLIC 
OUTPUT 


Volume of Finger volume | 


finger in c.cm. change inc.cm. | ystolic output 


Finger 














I ° 044 
3 a7 tid eomeenmeits 
3 27 oss a a - 
+ | - oe | 031 
5 | 13 .O21 | 7 
Average | 20.8 | 0406 123 c.cm. 





depends mainly on the size of the leak and can 
range from 5 per cent with small leaks to 50 
per cent or more when the cusps are rendered 
totally deficient. There is also an increased 
systolic discharge and more complete empty- 
ing of the ventricle immediately after produc- 
tion of large aortic leaks in experimental 
animals. As a result of compensatory mech- 
anisms the net systolic discharge and the min- 
ute volume tend to approximate normal again, 
although clinical results appear confused by 
different gasometric procedures and also by 
the fact that other valvular lesions often co- 
exist. 

From the point of view of this study, the 
peripheral manifestations of aortic regurgita- 
tion are reflected in the pulse volume changes. 
The amplitude of these changes seems re- 
lated to the severity of the aortic leak. Figure 
7 shows a record from a patient with severe 
aortic regurgitation. Computations of systolic 
output are given in Table V. 

This patient weighed 62.7 kilograms, had 
mitral stenosis and regurgitation, and aortic 
regurgitation on a rheumatic basis. This case 
was the most severe of the series. Studies on 
other patients with luetic aortic regurgitation 
were similar to the findings on this patient. 
The magnitude of the response apparently 
varied with that of the regurgitation. 

Effect of local heat. Local heat has been used 
since early times for the treatment of disease 
and the alleviation of pain. It is universally 
accepted that at least one of the effects of 
local heat in the absence of organic peripheral 
vascular pathology, provided blood pressure 
is maintained, is a local vascular dilatation. 
Local vasodilatation from heat to the hand 
manifests itself in several ways, such as a sub- 

















jective feeling of warmth, increased redness, 
capillary pulse, increased visibility of the 
capillary loop, and increased pulse volume 
changes. 

Figures 5, 6, and 7 illustrate the increased 
pulse volume changes in a normal patient, one 
with aortic regurgitation, and one with com- 
plete heart block. Immersion of the hand in 
water at 45 degrees C. (113 degrees F.) was 
used to promote the vasodilatation in all 
instances. This procedure forms a very simple 
test to differentiate functional from organic 
changes in the blood vessels. 

Effects of artificial fever. Two types of arti- 
ficial fever were studied: (1) external heat with 
the prevention of heat loss, and (2) foreign 
protein fever. Because of the striking differ- 
ences in these two types of fever they will be 
discussed separately. 

External heat to the body has been used 
since very early times in the treatment of 
disease and even before the time of Christ, 
Homer described the beneficial effects of hot 
baths in exhaustion. Although the applica- 
tion of external heat to the body has continued 
to the present time, it is only in more recent 
years that intensive studies on the physiologi- 
cal effects of external heat have been made. 

One of the many physiological effects of the 
application of external heat to the body is an 
increased circulation. If the heat is applied 
beyond the capacity of the body to dissipate 
heat, fever results, particularly if heat loss is 
interfered with. Plethysmographic and other 
studies on the circulation were made by John- 
son, Scupham, and Osborne (g) in a number 
of patients in whom fever had been induced by 
various forms of external heat. An illustrative 
record is shown in Figure 8. From this and 
other records it was concluded that external 
heat produces (1) a marked increase in the 
circulation, (2) circulation reached a maxi- 
mum at temperatures between 103 and 104 
degrees F., while (3) higher temperatures 
produced a decrease in the circulation and 
vasomotor instability. It was furthermore 
concluded that none of the methods of induc- 
ing fever had any point of advantage except 
from the point of view of convenience and 
safety. Therapeutic fever produced by exter- 
nal heat with prevention of heat loss is danger- 
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ous and should not be used unless adequate 
facilities are available for the care of heat 
stroke or heat exhaustion. 

Artificial fever induced with foreign protein. 
This type differs from fever from external heat 
in that a primary peripheral vascular con- 
striction occurs with the chill, as shown in 


Figure 9. Other studies (8) indicate that 
foreign protein fever is mainly of central origin 
while external heat causes fever by exceeding 
the capacity of the body to lose heat. The 
results of these studies are in keeping with 
earlier studies of Hewlett and Van Zwallen- 
burg and with the generally accepted opinion. 

Effects of median nerve block. It is well 
established that the vasomotor fibers are ar- 
ranged segmentally, travel in the somatic 
nerves, and are given off close to the vessels 
whichtheyinnervate. Ifanervelike themedian 
is paralyzed with novocain, it also involves 
the vasomotor fibers, and vasodilatation of 
the involved vessels occurs. This procedure 
has been used as a test of the functional 
activity of the blood vessels by others (11) and 
also in this study. In this instance it was 
used as a test of the functional capacity of the 
vessels to dilate before as well as after opera- 
tions on the sympathetic nervous system. It 
was used to determine the completeness of the 
operation and the return of function in the 
blood vessels. Figure 1o illustrates the effect 
of median nerve block in a patient with Ray- 
naud’s symptoms and in one with aortic regur- 
gitation. In the absence of organic changes in 
the peripheral vascular system there is a 
marked increase of the finger volume changes 
as well as the skin temperature of the fingers 
innervated by the median nerve, but in the 
fifth finger both the finger volume changes as 
well as the skin temperature, decrease. These 
results are interpreted as vasodilatation in the 
vessels innervated by the vasomotor fibers 
carried by the median nerve, and are in keep- 
ing with conclusions arrived at by other 
methods of study. 

Effects of cervical and upper two dorsal gan- 
glionectomy and ramisectomy on the peripheral 
circulation and the effects of pre-ganglionic 
sympathetic section on the peripheral circulation 
of the fingers. This report on the value of the 
digital plethysmograph is preliminary to a 
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discussion of results of studies of the circula- 
tion upon 21 patients having Raynaud’s symp- 
toms. Four of the patients had operations 
upon the sympathetic nervous system to re- 
lieve the symptoms. The results of these 
studies on the treatment of Raynaud’s disease 
will be reported in detail in a succeeding article 
in which the digital plethysmograph was used 
to obtain evidence upon which to base many 
of the conclusions drawn in that study. 

Effect of experimental occlusion of the peri- 
pheral vessels. One of the criticisms frequently 
encountered with regard to this instrument is 
that the cuff of the plethysmograph chamber 
exerts a constricting influence sufficient to 
interfere with the accuracy of the results. As 
a check, the following experiment was done. 
A blood pressure cuff was applied to the arm, 
and records of the fingersof the same extremity 
were taken during various degrees of con- 
striction of the arm. Figure 11 illustrates the 
changes observed. It is noteworthy that the 
finger volume changes are not appreciably 
decreased until the pressure in the cuff is above 
the diastolic pressure. These results indicate 
that the criticism is not justified by the facts. 

Effect of occlusive vascular disease on the 
finger volume changes. One patient with Buer- 
ger’s disease and one with multiple arterial 
emboli were studied in detail during life, and 
the studies on the peripheral circulation made 
by means of the plethysmograph were cor- 
related with the findings in the peripheral 
vessels after death. Although these results 
will be reported in detail later, it can be said 
that in occlusive vascular disease the results 
of study with the plethysmograph offer an 
accurate index of the degree of vascular occlu- 
sion. 


EVALUATION OF STUDY 


In this study an attempt has been made to 
demonstrate that the digital plethysmograph 
offers a simple and accurate means of making 
permanent calibrated records of the finger 
volume changes in various clinical conditions. 

It is thought that the finger volume changes 
offer an index of the peripheral circulation 
under normal environmental conditions in the 
absence of organic occlusive vascular changes 
provided the blood pressure is maintained. It 


is predicated that under normal conditions, 
in normal subjects, or in patients with com- 
plete heart block and aortic regurgitation, the 
output of the heart is reflected in the pe- 
ripheral vessels. Computations of the stroke 
output of the heart from the finger volume 
changes gave figures comparable to those ob- 
tained by others who used the gasometric 
methods. 

It is recognized that the interpretation of 
the finger volume changes is controversial. The 
author believes, however, that the finger vol- 
ume changes are a measure of the pulsatile 
flow of blood. 

It is a generally accepted fact that fluids are 
not compressible or are to a very minor degree 
only. When one considers that the circulating 
fluids or soft tissues are mainly fluids, it can 
be assumed they are not compressible or are 
only to a minor degree. They therefore will 
transmit volume changes accurately in the 
vascular system. 

Due to the elasticity of the vascular system 
and the physiological action of the heart and 
blood vessels of the human being, the blood 
flow through the blood vessels of the fingers 
occurs in a pulsatile and non-pulsatile man- 
ner. The measurement of the flow then re- 
solves itself into the measurement of the 
pulsatile and non-pulsatile flow of blood. The 
non-pulsatile flow of blood cannot be meas- 
ured by this means, but the pulsatile flow can 
be measured very accurately. The pulsatile 
flow is measured in systole. Since systole is 
very short as compared with diastole, the 
error from failure to measure the non-pulsatile 
flow of blood is very small and acts more or 
less as a constant for normal heart rates but 
may introduce a larger error from abnormally 
fast heart rates. For practical purposes this 
does not interfere with a qualitative estima- 
tion of the peripheral circulation. 

This method can also be used to measure 
the effects of vasoconstrictor and vasodilator 
agents on the peripheral circulation, and illus- 
trations of the effects of local heat, general 
heat, artificial fever, and median nerve block 
have been shown. The results of these studies 
corroborate the generally accepted ideas. 

In addition, experimental occlusion of the 
peripheral vessels as well as organic occlusion 
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checked after death gave results consistent 
with the procedures applied or the postmortem 
findings in the peripheral vessels. 

Finally, it can be stated that the work here- 
in is not entirely new. Erlanger and Hooker, as 
early as 1904, investigated some of the funda- 
mental principles of this study and used a Van 
Kreis flame-tachygraph to measure arm vol- 
ume changes. The authors probably recog- 
nized the possibility of this method of meas- 
uring the peripheral circulation, but their 
instruments were cumbersome and inadequate. 
Grollman also gives a discussion on the rela- 
tion of the cardiac output to the arterial 
pressure which has some bearing on this report. 


CONCLUSIONS 


The data presented provide further experi- 
mental evidence and confirm earlier conclu- 
sions that the digital plethysmograph offers 
an accurate means of investigating the effi- 
ciency of.the peripheral circulation and may 
be used to differentiate organic from functional 
occlusion of the peripheral vessels. 
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THE SEVERER FORMS OF ACUTE APPENDICITIS WITH 
SPECIAL REFERENCE TO THE TREATMENT OF 
APPENDICEAL ABSCESS 


ERNEST E. ARNHEIM, M.D., F.A.C.S., and HAROLD NEUHOF, M.D., F.A.C.S., 
New York, New York 


DUCATION of the laity and surgical 
management are generally discussed 
jointly in contributions dealing with 
the appendicitis problem. Mortality 

and morbidity statistics have been related to 
the time at which patients were first examined 
by physicians, to the question of administra- 
tion of cathartics, and to other non-surgical 
factors. Unquestionably, early operation and 
the omission of catharsis lower greatly the 
mortality of appendicitis. However, there is 
surely no justification for the assumption that 
the problem would be solved by education of 
the laity. Questions in diagnosis and surgical 
management would still remain in no small 
proportion of cases. These problems should be 
dealt with separately in order to invite more 
thought devoted specifically to the subject of 
improvement of surgical treatment. This ar- 
ticle comprises such a separate consideration 
of the subject. 

In a former contribution (1) we dealt with 
the factors contributing to a reduction in mor- 
tality in the more serious forms of acute ap- 
pendicitis. As a result of adhering to certain 
principles in general management and opera- 
tive technique, there occurred and was re- 
ported a low mortality in the three year period 
from 1931 to 1934. From an analysis of our 
personal experiences from 1931 to 1939, upon 
which the present paper is based, we are con- 
vinced that death should rarely follow opera- 
tions for acute phlegmonous or gangrenous 
appendicitis, appendicitis with local peritoni- 
tis, or appendicitis with abscess. This view is 
based on the statistics shown in Table I, which 
is a summary of the results of operations per- 
formed by us on ward service and in private 


practice from 1931 to 1939: 


From The Mount Sinai Hospital. 
Read before the Surgical Section of the New York Academy 
of Medicine, April 7, 1939. 


TABLE I.—RESULTS OF OPERATION 


Mortality 


Variety of Appendicitis Cases Deaths per cent 


Acute phlegmonous or gangrenous.. 142 I 0.7 
Acute, with abscess ° 
Acute, with local peritonitis ° 
Acute, with diffuse peritonitis 2 

4 


° 
° 
23.0 


1.8 


Of the fatal cases, three occurred in patients 
in whom diffuse peritonitis existed at the time 
of operation. The fourth death was in a 73 
year old man who had an appendicectomy 
with drainage for acute gangrenous appendi- 
ditis. He died on the seventh postoperative 
day with the symptoms and signs of pneu- 
monia. A postmortem examination was not 
performed. 

Diagnostic features. The symptomatology 
of acute appendicitis is too well known to re- 
quire any comment here. Only rarely in our 
experience is the history atypical. Palpation 
of the abdominal wall determines the site and 
degree of tenderness and spasticity, and the 
presence or absence of a mass. It is the most 
important guide to the location of the appen- 
diceal lesion. Such palpation must be per- 
formed gently. The attempt to induce so- 
called rebound tenderness is a practice we con- 
demn. The sudden release of the abdominal 
wall causes the patient unnecessary pain, may 
be ‘‘positive” in the absence of peritonitis, 
adds no information of importance, and con- 
ceivably spreads infection. At times children 
or apprehensive adults are told to palpate 
their own abdomen in order to elicit point 
tenderness. Useful information has been ob- 
tained on not a few occasions. Considerable 
reliance is placed by many on the finding of 
tenderness on rectal or pelvic examination. 
There are often differences of interpretation 
between various examiners. The pain induced 
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by insertion of the finger into the rectum will 
often make the degree of true pelvic tender- 
ness difficult to evaluate. On the other hand, 
the finding of a mass or of induration is a posi- 
tive sign. Abdominal puncture is frequently 
of crucial aid in establishing the presence or 
absence of infection of the peritoneal cavity, 
and the extent of infection when present. The 
subject of abdominal puncture in the diagnosis 
of acute intraperitoneal disease has been dealt 
with in detail in a previous communication (4) 
and will not be discussed further in this place. 

Pre-operative treatment. The choice of time 
for operation. Intravenous infusion is so gen- 
erally used at the present time that any com- 
ment on its value would be superfluous. We 
do not usually operate on admission in acutely 
ill, dehydrated patients who have been sick for 
2 days or longer. These patients require con- 
tinuous observation since there is no definite 
assurance that a peritoneal infection, if pres- 
ent, will subside upon rest and supportive 
treatment. We have no rule of thumb, and 
attempt to make the decision in each case in 
accordance with clinical manifestations. In 
general we would say that it is safer in such 
patients to allow at least several hours for sup- 
portive treatment before proceeding with oper- 
ation. Like others we make an exception to 
this general plan in infants or young children 
in whom there appears to be but slight tend- 
ency toward a walling off of a peritoneal infec- 
tion. 

In appendiceal abscess it is usually safer, in 
our opinion, to defer operation until the acute 
inflammatory process has subsided at least in 
part. A close watch is kept on the tempera- 
ture, pulse, and abdomen, and frequent blood 
counts are used as aids in determining if sub- 
sidence is occurring. At the outset, when pa- 
tients first come under observation, intra- 
venous fluids are administered. Bland fluids 
by mouth are given only when there is reason- 
able assurance that they will be well tolerated. 
Enemas and frequent abdominal examinations 
are interdicted. We have never observed a 
patient presenting a palpable mass due to 
appendiceal abscess in whom the inflammatory 
signs did not subside under this management. 

Anesthesia. A variety of anesthetic agents 
have been employed, the choice depending on 


the problem presented by the individual case. 
In order of frequency they were: avertin and 
nitrous oxide with or without ether, nitrous 
oxide ether, ether, spinal, and local. Previous 
studies in avertin anesthesia (2) led us to em- 
ploy this agent in most cases. Spinal anes- 
thesia was chosen for obese patients who were 
not gravely ill and who presented no pro- 
nounced evidences of arteriosclerosis, myo- 
cardial disease, or hypertension. 

Incision. Emphasizing the fact that this 
contribution deals solely with the severer 
forms of acute appendicitis, we wish to state 
emphatically that we do not agree with those 
who advocate a routine incision which is usu- 
ally the McBurney. It is our contention that 
an incision must fulfill two requirements: 
(1) The size should be such as to allow a full 
view of the lesion; (2) the site should be over 
the assumed or known location of the lesion. 
We are guided as to the site of incision by the 
situation of localized tenderness on palpation, 
or by the situation of a mass. The latter is felt 
for when the patient is under anesthesia even 
if not noted to exist in the pre-operative pe- 
riod. We employ three types of incision: the 
rectus splitting, an incision which we term the 
“‘vertical pararectus,” and the McBurney. 
By the vertical pararectus incision we mean an 
incision made lateral to the rectus sheath in a 
vertical direction through the oblique and 
transversus abdominus muscles, transversalis 
fascia, and peritoneum. 

Operative procedures. The objective is a 
carefully executed operation under full visuali- 
zation. The general principles of technique of 
operation can be stated briefly. The abdom- 
inal wall is protected by pads. Suction is 
started immediately after the peritoneal cavity 
is opened, if any free fluid is encountered. A 
smear and culture are taken. If free, the 
omentum is drawn over any visible loops of 
small intestine. The latter, with or without 
omentum, are packed off with warm, moist 
pads. The only small intestine to be seen in 
the operative field should be limited to the 
terminal ileum. The cecum is exposed, and 
the base of the appendix is located by follow- 
ing the anterior longitudinal band. A catgut 
sling placed about the base of the appendix by 
means of an aneurism needle provides an ex- 








cellent guide as well as retractor, and permits 
return of the cecum to the peritoneal cavity 
before the delivery of the appendix is begun. 
Delivery of the appendix is usually performed 
entirely with instruments, and we find resort 
to the use of the finger rarely necessary. A 
curved Mayo scissors and a periosteal elevator 
are useful instruments for the dissection. 
Should the fingers be employed for some par- 
ticular purpose, the glove is immediately 
changed. Indeed, gloves should be changed as 
often as they become intentionally or inad- 
vertently contaminated. Traction on the ap- 
pendix must be gentle and is aided by the 
placing of Allis clamps or small artery forceps 
on the mesentery. After the mesentery is li- 
gated, the base of the appendix is ligated with 
a chromic ligature. One of us (H.N.) has de- 
vised an instrument which is termed an “‘ap- 
pendix roller.”” This instrument consists of 
two circular ridged pieces of metal which roll 
around straight metal pins attached at right 
angles to the jaws of an artery clamp. The 
instrument is useful for the emptying of the 
proximal portion of the appendix before it is 
clamped, thus preventing spillage when the 
appendix is severed. The base of the appendix 
is cut across with a carbolized knife or electro- 
cautery, and the stump is thoroughly treated 
with carbolic acid or the coagulation current. 
The technique of operation for appendiceal 
abscess will be separately discussed. 
Drainage. The method of drainage which 
we employ will be discussed in connection with 
the subject of appendiceal abscess. Our in- 
dications for drainage, aside from cases of 
appendiceal abscess, are (1) a localized collec- 
tion of frankly purulent fluid; (2) purulent 
exudate extending decidedly beyond the limits 
of the appendix; (3) an infected appendiceal 
bed, particularly when such an infected area is 
in close contact with the retroperitoneal tis- 
sues; (4) a doubtful appendiceal stump. 
Postoperative management. In seriously ill 
patients, the intravenous infusion of glucose 
and saline, which had been started before and 
continued during operation, is maintained 
after operation. It can, if needed, be contin- 
ued many days by using the drip method and 
changing the needle every 24 hours in order to 
reduce the likelihood of a phlebitis. An in- 
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dwelling Levin tube is useful in combatting 
gastric retention and related postoperative 
distention. It is passed immediately if there is 
nausea or vomiting. Repeated vomiting is 
not awaited, for it usually represents overflow 
from gastric retention rather than effective 
emptying of the stomach. Adequate amounts 
of opiates are administered. Cathartics are 
not employed. In our opinion, intestinal ob- 
struction in the early postoperative period is 
due to angulation of the intestine by fibrinous 
exudate. The latter will be absorbed, in all 
probability. Therefore we take a very con- 
servative attitude as to the indications for 
operation for this lesion. The course of any 
patient displaying manifestations of obstruc- 
tion is checked up by frequent roentgen exam- 
inations of the abdomen. In none of our cases 
was it necessary to operate for intestinal ob- 
struction in the postoperative phase. 

In the postoperative management it is very 
important to search for and provide adequate 
drainage of complicating suppurative foci. 
Therefore, daily (or more frequent) examina- 
tions should be made of regions in which com- 
plicating abscesses are apt to develop in the 
postoperative period (subphrenic, pelvic, left 
abdominal) in order to recognize promptly 
their evolution. When the postoperative 
course is not satisfactory, we assume that a 
complication exists in or about the peritoneal 
cavity related to the field of operation. There- 
fore, such a complication is searched for unre- 
mittingly. Even when an obvious distant 
lesion, such as a pneumonitis, may seem to 
explain the complication, examination of the 
abdomen remains an essential step. Reference 
is made to a study which has shown that sup- 
puration is the most common cause of death 
after laparotomy for any infective intraperi- 
toneal lesion (4). 


THE PROBLEM OF APPENDICEAL ABSCESS 


By appendiceal abscess we mean a circum- 
scribed collection of pus in the appendiceal 
region walled off from the free peritoneal cavity 
by omentum or intestines, or both. Acute 
appendicitis with abscess and acute appen- 
dicitis with diffuse peritonitis remain varieties 
which still comprise problems for solution. 
Concerning the group of cases of diffuse peri- 

















tonitis, we have relatively little to offer. On 
the other hand, we propose to show that 
recovery should follow operation for appendi- 
ceal abscess in the great majority of instances. 
Although the number of cases upon which we 
have operated is not very large, we feel that 
the evidence we shall submit is conclusive. 

Our special interest in the problem of appen- 
diceal abscess dates from 1931, when, as the 
result of an analysis which was made of oper- 
ations for appendiceal abscess, we found that 
the operative mortality was not substantially 
lower than that after operations for acute 
appendicitis with diffuse peritonitis. A study 
of autopsied cases revealed the fact that peri- 
tonitis, which did not exist at the time of oper- 
ation, was the usual cause of death. It was 
obvious that extension of infection from the 
appendiceal abscess was due to errors in 
management and in technique, and therefore 
was avoidable. In 1934 (1) we reported a re- 
duction in the mortality of operations for 
appendiceal abscess over a 3 year period, to 
6.4 per cent. These operations were performed 
by all of the staff on one of the surgical serv- 
ices. We report now on 40 cases of appendi- 
ceal abscess personally operated upon by us in 
the years 1931 to 1939 with no mortality. No 
cases have been omitted. 

Operative procedures. The general subject of 
operative technique has been discussed earlier 
in the paper, but some additional remarks on 
the operative technique of appendiceal abscess 
appear to be warranted. The peritoneal cavity 
is usually opened directly over the mass, and a 
temporary protective packing is put in place. 
As more of the mass is exposed, additional 
packings are inserted in order completely to 
wall off the mass from the peritoneal cavity. 
The abscess remains undisturbed until this 
walling off is so satisfactory that none of the 
peritoneal contents can be seen and the dome 
of the abscess is fully visualized. The protec- 
tive packings are not to be disturbed during 
the remainder of this operation; they may be 
added to because walling off is found to be in- 
complete, but should never be removed. The 
abscess is entered with a blunt instrument, 
usually a Mayo scissors, at a point as distant 
as possible from a presenting loop of bowel (if 
any), and at a site at which a plane of cleavage 
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appears to exist. As soon as pus is encount- 
ered it is immediately removed with the suc- 
tion tip. The plane of cleavage inside the wall 
of the abscess cavity is carefully developed. 
The suction tip often serves as a useful instru- 
ment for this purpose and of course offers the 
advantage of removing pus as it appears. 
Flexible retractors of different widths are em- 
ployed in exposing the cavity, being bent at 
appropriate angles and inserted progressively 
deeper as the abscess is opened up. A sterile 
light inserted into the cavity aids in visualiza- 
tion in some cases. The objective of the oper- 
ation we practice is a complete opening up of 
the abscess cavity or cavities, including sec- 
ondary loculations, under visualization, in a 
field in which the peritoneal cavity is com- 
pletely packed off. Concerning the latter, the 
appearance of a suspicious place outside the 
abscess cavity in which a loop of intestine 
might appear, and of course the actual appear- 
ance of any intraperitoneal structure at such a 
place, should lead to immediate interruption 
of operation on the abscess and the placement 
of additional packing with previously unused 
instruments. 

According to an apparently widely held 
view, simple drainage of an appendiceal ab- 
scess is safer than the additional step of re- 
moval of the appendix when the appendix is 
not readily accessible. This view is correct 
undoubtedly in some instances, and we do not 
insist upon appendicectomy in all cases. In 
general, however, we regard such an operation 
to be not only incomplete but also potentially 
dangerous, because of suppurative foci which 
may be left im situ. If the operative exposure 
is carried out carefully in the manner which 
has been described, the removal of the appen- 
dix can be accomplished in most instances and 
can be carried out safely. In our experience, 
disappearance of the appendix by sloughing is 
rare. It is of interest to note that we found 
intact appendices in 3 patients previously sub- 
jected to drainage of appendiceal abscess, and 
reported to have had ‘‘disintegration of the 
appendix.”” We wish to stress the potential 
danger in leaving the appendix behind. First, 
there is the obvious danger of sepsis in one 
form or another derived from the appendix it- 
self. Second, there is perhaps even greater 
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danger of sepsis from one or more abscesses 
adjacent to the appendix which may be left 
behind .in simple drainage of appendiceal 
abscess. Such additional abscesses may not be 
encountered except at the time that the ap- 
pendix is being freed. On some occasions we 
have opened into two or three periappendiceal 
abscesses in addition to the one entered pri- 
marily. Finally, we knowof a numberof autop- 
sies after simple drainage of appendiceal ab- 
scess in which death was due to sepsis from 
additional abscesses about the appendix which 
had not been opened or from the suppurative 
appendiceal lesion itself. 

Drainage. The assumption that a profuse 
and ofttimes foul discharge is inevitable after 
the drainage of an appendiceal abscess is 
erroneous. Such postoperative discharge fol- 
lows incorrect drainage of the abscess cavity. 
In our opinion and experience, drainage by 
gauze placed as a packing into the abscess 
cavity is rarely followed either by profuse or 
by foul discharge. A perfunctory gauze drain 
does not suffice. Gauze strips should be used. 
Under full visualization they should be packed 
snugly into all recesses of the abscess cavity 
from the bottom up. The packings are sur- 
rounded by sheets of rubber dam in order to 
separate the gauze from the contents of the 
peritoneal cavity. The placement of the rub- 
ber dam is the last step before closure of the 
peritoneal cavity, the original protective wall- 
ing off packings being withdrawn as the rub- 
ber dam is put in place. If omentum is avail- 
able, it is drawn over the operative region. 

We object to tube drainage for the reasons 
given in our previous paper: (1) no assurance 
that the tube remains where it is placed; 
(2) irregular collapse of the walls of the abscess 
cavity around and beyond the tube with con- 
sequent tendency toward pocketing; (3) the 
postmortem evidence of residual abscesses 
about tube drains; (4) the commonly noted 
postoperative foul discharge and sloughing. 

It has been stated that gauze drainage in the 
peritoneal cavity leads to peritoneal adhesions. 
This has not been our experience. A follow-up 
of our cases does not point to evidence of late 
intestinal obstruction. 

Postoperative management. The drains are 
not shortened until loosened by discharge. 
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This discharge is neither profuse nor foul. 
Rubber dams were out on an average on the 
seventh postoperative day, and the packings 
on the tenth day. The abdominal wounds are 
rarely infected. After all the drains are out, 
there is usually left a clean, granulating cavity 
which is lightly repacked. Occasionally, be- 
cause of some retention behind the packings, 
it is necessary to insert a small, soft rubber 
tube. This was done in 7 of the patients. 

The temperature was usually normal by the 
sixth postoperative day. There was a second- 
ary rise in temperature in 5 patients. In 1 
case this was due to an acute cholecystitis. 
The cause of the rise in temperature in the 4 
other cases was not known. There was a pro- 
longed period of fever in 3 cases. In 2 patients 
this was due to a bronchopneumonia and in 
the third patient to a pelvic abscess. 

Intravenous glucose and saline infusions 
were given in 19 patients for an average period 
of 50 hours. Two patients required the use 
of an indwelling Levin tube for a period of 
a week. An enema or colon irrigation was 
usually given on the fourth or fifth day after 
operation. 

The postoperative complications were as 
follows: pneumonia, 3 cases; pelvic abscess, 
I case; paralytic ileus, 1 case; intestinal fistula 
for 1 week, 1 case; acute cholecystitis, 1 case; 
auricular fibrillation, 1 case; respiratory de- 
pression due to avertin, 1 case; exhaustion 
psychosis, 1 case. The average time of dis- 
charge from the hospital was the twenty-first 
postoperative day. 

There is now a follow-up on 31 of the appen- 
diceal abscess cases ranging from 1 to 8 years. 
In none of them was a postoperative (inci- 
sional) hernia noted. This observation is of 
special interest because the abscess cavities 
were widely packed in these cases. We assume 
that the reason postoperative hernias did not 
occur was because there was no gross infection 
of sloughing following drainage. 


SUMMARY 


This paper deals solely with the surgical 
aspects of the severer forms of acute appendi- 
citis. In a series of 212 cases in which patients 
were operated upon by us in private and in 
ward practice in a period of 8 years, there were 
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4 deaths, a mortality of 1.8 per cent. The mor- 
tality was 0.7 per cent in 142 cases of acute 
phlegmonous or gangrenous appendicitis, and 
23 per cent in 13 cases of acute appendicitis 
with diffuse peritonitis. Of the 4 deaths, dif- 
fuse peritonitis was present at the time of oper- 
ation in 3 patients. There were no deaths in 40 
cases of acute appendicitis with abscess, or in 
17 cases of acute appendicitis with local peri- 
tonitis. 

The low mortality (with the exception of 
cases of diffuse peritonitis) is attributed essen- 
tially to certain principles in operative tech- 
nique, and in general management before and 
after operation. Some aspects of diagnosis are 
stressed, with special reference to abdominal 
puncture. The choice of time for operation in 
acutely ill, dehydrated adults is discussed, 
with emphasis on deferred operation in the 
presence of proved diffuse peritonitis (proved 
by abdominal puncture). 

Avertin with the addition of inhalation 
anesthesia was employed in most cases. Inci- 
sions were not made in a routine manner. 
They were placed over the known or assumed 
site of the lesion and were large enough for its 
complete exposure. A special incision is de- 
scribed to meet particular requirements. Full 
visualization and isolation of the lesion is a 
basic feature of the operative technique. Re- 
lease and delivery of the appendix by ‘“‘no 
touch” technique is described and advocated. 
The indications for drainage are given. In the 
postoperative management, particular refer- 
ence is made to the desirability of search for 
and early recognition of complicating intra- 
abdominal suppurative foci. 
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Separate consideration is given to the sub- 
ject of appendiceal abscess. The reasons for 
the absence of mortality are analyzed and set 
forth. Some of the important features of 
management which are discussed and on which 
the results are thought to be based are: (1) 
Deferred operation in the early stages of 
appendiceal abscess and operation when the 
acute manifestations have subsided; (2) at 
operation, complete exposure and walling off 
of the abscess by packs; (3) entry of the ab- 
scess through a plane of cleavage, which is 
developed progressively; (4) complete evacua- 
tion of all recesses of the abscess or abscesses; 
(5) meticulous “‘no touch” technique; (6) re- 
moval of the appendix in most instances; 
(7) drainage of all recesses of the abscess cav- 
ity or cavities by gauze packs, and not by tube 
or rubber dam. In the postoperative course 
the abserice of profuse and malodorous dis- 
charge and of infection of the abdominal wall 
following the technique which is advocated, 
is pointed out. Postoperative complications 
were few in number. A transient fistula to the 
open stump of the appendix was present in 
1 case. Postoperative incisional hernia did not 
occur in 31 cases which were followed from 
1 to 8 years. 
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STUDIES IN BLOOD PRESERVATION 


The Serum Potassium of Cadaver Blood 


JOHN SCUDDER, M.D., Med. Sc.D., F.A.C.S., DOROTHY R. CORCORAN, M.A., and 
CHARLES R. DREW, M.D., C.M., New York, New York 


N observed increase in plasma potassium 
of a patient dying from an automobile 
accident (9) suggested a further in- 
vestigation of this base in cadaver 

blood, especially as this source has been used 
extensively for transfusions (12). 

The concentration of potassium within the 
intact red blood cells is twenty times that of 
the plasma. In this respect, the erythrocyte 
resembles the marine alga, valonia macro- 
physa. In the latter, Osterhout (5) explains 
the higher internal concentration of potassium 
as due not to the formation of insoluble com- 
pounds, but due chiefly to diffusion constants 
and concentration gradients, the latter de- 
pending on partition coefficients (7, 8). 

Osterhout’s (6) quantitative studies on cell 
sap of valonia have revealed a loss of po- 
tassium to be associated with injury. An- 
other factor which causes these cells to lose 
potassium is an increase in ammonia. Jacques 
and Osterhout have shown that if the 
concentration of ammonia in sea water were 
raised by 0.0001 molar, there occurs a rapid 
exit of potassium from these cells. 

Methods. Under sterile precautions the 
blood was collected from the heart on a num- 
ber of unselected cases; one portion was cul- 
tured, and the remainder was introduced into 
a Sanfort-Magath hematocrit tube and cen- 
trifuged for one hour. The average time of 
separation of serum from the cells was 35 
hours after death. Potassium was determined 
by the argenticobaltinitrite method (10, 11), 
the final color being read on an Evelyn photo- 
electric colorimeter (2). 

Results. The average concentration of the 
serum potassium in these 27 cases was IOI 
milligrams per cent. These results contrast 
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with our average of 17.2 milligrams per cent in 
the plasma of normal venous blood and the 
average of 29.7 milligrams per cent in the 
plasma of cardiac blood taken at death (0) 
(Table IT). 


HIGH SERUM VALUES IN CADAVER BLOOD 


This high serum potassium approximately 
3.5 times the concentration of that found at 
death and nearly 6 times greater than normal 
illustrates the rapid diffusion of potassium in 
cadaver blood. It takes refrigerated fresh 
blood 110 hours to reach approximately this 
same concentration. Factors affecting this 
rapid diffusion are many. Among them tem- 
perature is one, for preserved blood is usually 
placed in the icebox immediately, whereas 
many hours may elapse between death and 
storage of the cadaver. A second factor may 
be the ammonia concentration. 

There has been much difficulty in determin- 
ing the free ammonia in circulating blood. 
Folin and Dennis were the first to find values 
under o.10 milligram ammonia-N per too 
milliliters. Subsequently a value of 30 gamma 
(0.03 mg.) per 100 milliliters was considered 
to represent the free ammonia-N in circulating 
human blood. Conway with his isothermal 
distillation method has established the true 
value to be “less than one-tenth this amount, 
or less than one part in thirty million.” 

Our interest in ammonia resulted from our 
curiosity about the high serum potassium val- 
ues in cadaver blood. With the cobaltinitrite 
method it has long been known that if am- 
monia is present, there is a quantitative pre- 
cipitation of ammonium cobaltinitrite along 
with the potassium salt. 

3 NH, + Co(NO2)s — (NH,4)sCo(NO2)¢ 
3 K + Co(NO2)s at K3;Co(NOz)¢ 

Subsequent analysis for ammonia on several 

cadaver bloods gave the highest value to be 
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fABLE I.—SERUM POTASSIUM OF CADAVER 
CARDIAC BLOOD OBTAINED AT AUTOPSY 


























































































































a" | Initials, | potas- 
, | sex, and | Principal autopsy findings | sium as 
at pid | milli- 
f g | 
| grams 
ith per cent 
998 J M., Rheumatic endocarditis 54-7 
’ 27 
c arcinoma of stomach; duodenaieiance- 59.2 
} tomy 
e Tuberculous leptomeningitis 60.9 
= ag ee “~ . 
Glioblastoma of cerebral hemisphere 64.5 
Hyperplasia of thyroid with hyperthyroid-| 70.0 
ism 
$189] M. L., | Congenital malformation of heart, cardiac-| 70.4 
f 2 2-38) F.,56 | hypertrophy and dilatation 
¥ - | — 
147 | H.LaCc. | | Multiple fractures of skull | 72.0 
t -6-38| M., 69 
] 1736 C.O’K., | Abscesses of cerebellum 73.5 
1 -38) F., 35 | 
1 37166) A.R., | Cardiac hypertrophy and dilatation, clin- 76.6 
7 »2=38 M., 53 | ical diagnosis: hypertension, uremia 
S dice! aera —— 
22385) L. H., | Chronic myeloid leucemia 77.4 
) 18- 38 F., 4t | 
i $9643] M. F., ‘Carcinoma of female mammary gland | 77.7 
, }-19- 3) F., 35 with multiple metastases to lymph nodes) 
S 8449] I.B., Placenta previa, cesarean section 80.8 
; 27 38] F., 27 
5832| G.H., Carcinoma of stomach, partial gastrec- } 87.2 
"4 1-11 38] M. , 66 tomy | 
33052 R.R., Subacute glomerulonephritis, pneumonia, | 97.0 
2-38] M., 62 clinical diagnosis: hypertension, uremia | 
2683 B.T., Acute gangrenous appendicitis with peri- 98.0 
6-21-38] M., 56 tonitis | 
S ean : : : ; er ey 
307436] W.R., Carcinoma of sigmoid, resection of colon 98.3 
5 8-14-38] M., 65 
1 51845 H.R., Lymphosarcoma of lymph nodes, second- 98.9 
| 4-30-38] F., 48 ary lymphosarcoma of dura mater, multi- 
ple abscesses, laminectomy, resection of 
tumor 
7 —_ 
| Arteriolar nephrosclerosis; clinical diag- 110.0 
| nosis: uremia 
P 3 a as Ceca 
Rheumatic endocarditis 118.0 
Meningioma, olfactory groove, operation: . 118.0 
r bilateral cervical sy mpathectomy 
- 2112} G.M., | Subacute bacterial endocarditis due to 118.6 
1-38] F., 40 gram positive coccus, splenectomy 
eC 174] J.S., Carcinoma of colon, colostomy; resection 128.0 
” 33) M., 67 of carcinoma of colon 
- 258} V.E., Carcinoma of stomach 141.0 
38) F., 58 
o Rit SS = a 
54| R.R., Rheumatic endocarditis 160.0 
38) F., 31 rs 
02] K.S., Acute splenic tumor, clinical cause of 166.0 
-38| M., 68 death: cerebral thrombosis 
147| K.B Venous angioma, temporal] lobe 175.0 
] 38) F., 63 
115| R.M., Carcinoma of kidney, pneumonia 180.0 
e + 38! M., 58 
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TABLE II.—PLASMA POTASSIUM OF HUMAN 
BLOOD* 


Plasma potassium expressed as 





Numbe sail at 
a “ Milligrams | Millimols 
samples Source of sample per cent } per liter 
analyzed j - = 
| Aver- Aver- 
ss Range Range 
age ™ age nee 
73 ‘| Venous blood from. 17.2 | 13.5—- 21.5 4-4 3.5- 5.5 
| 
if normal young adults 
13 | Cardiac blood remov- | 29.7 | 24.0- 38.0 7.6 6.1- 9.7 
ed at death | 
27___‘| Cardiac blood remov- | 101.0 | 54.7-180.0| 25.8 14.0-40.0 


| ed at autopsy cesil 





*Centrifuged at 2,000 r. p. m. for 1 hour after which the plasma or serum 
was immediately separated from the cells. 

The average time of separating the serum from the cells after death 
was 31.5 hours. 

The figure for each determination represents the mean of 2 
samples. 


aliquot 


TABLE IlI.—THE EFFECT OF ADDING AMMONIA 
TO BLOOD ON POTASSIUM DIFFUSION 
TEMPERATURE 38° C. 


Potassium as milligrams per cent in 
plasma of citrated blood 





Time in . oa a = - 
me | Soe Didereac 
es Control eo el between 
specimens 
2 io 0 ° 20.9 ; : 
z a6 ‘ 30.0 11.0 
4 : - 20.0 : 29.0 9.0 i 
; 6 20 3 : 31.7 11.4 
a 2 3. “se fe 33.2 A 
- 15 a 23 ° ae 17.0 
8 | ape 43-9 16.7 
rs ee ee ee ee ee 
3-20-39 3! 40.4 55-7 15-3 = 
39 79.9 98.1 18.2 
3-21-39 | | 7 a w 121.0 120.0 _ [ 1.0 





*Plasma potassium of undiluted blood. Each figure represents the mean 
of two aliquots. Control: 225 c. cm. of blood and 25 c. cm. of 2.5 per cent 
sodium citrate. 

Ammoniated blood: 250 c. cm. of blood, 25 c. cm. of 2.5 
citrate. 


per cent sodium 


1.3 milligrams per 100 milliliters. We con- 
cluded, therefore, that the apparent high po- 
tassium values were not due to ammonia but 
were genuine. This concentration of ammonia, 
however, is far in excess of that which Jacques 
and Osterhout have shown causes potassium 
to leave valonia. 

To ascertain whether the addition of am- 
monia causes a similar diffusion of potassium 
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from red cells, sufficient ammonium chloride 
was added to one of two similar portions of 
citrated blood to bring its concentration to 
approximately o.or molar. These specimens 
were stored in identically shaped bottles in 
a water bath kept at 38 degrees centigrade 
throughout the experiment (Table III). 

The results indicate that with the addition 
of ammonium chloride, a prompt rise in the 
plasma potassium takes place and the rate of 
diffusion of potassium is more rapid in the 
ammonia flask than in the control during the 
first seventy-one hours of the experiment. 

SUMMARY 

The increase in serum potassium is more 
rapid in cadaver than in fresh blood stored in 
a refrigerator at 4 degrees centigrade. 
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HEMATOMAS OF THE UMBILICAL CORD 





A. LOUIS DIPPEL, M.D., F.A.C.S., Baltimore, Maryland 


EMATOMA of the umbilical cord, 
excluding its origin from rupture of 
a large varix or aneurism of the 
umbilical vein, is an exceedingly 
ire complication of pregnancy and labor. In 

)25, Schmidt (Halban and Seitz) was able 

» collect only 11 such cases of true hematoma 

if the funis. 

We are not concerned with rupture of large 

arices or aneurisms, as reported by Adair and 
\{cDonald, and by Dworzak, since when these 
burst, the amniotic sheath ruptures also, as 
a rule, and there is rarely appreciable hemor- 
rhage into the whartonian jelly. The deleteri- 
ous influence of this condition on the antenatal 
life of the fetus is directly due to acute blood 
loss. We are including in this study only 
those hematomas which, though they may 
occasionally arise from rupture of small varices, 
appear to represent a different entity in that 
the integrity of the amniotic sheath is pre- 
served,—at least until considerable blood has 
become effused into Wharton’s jelly. The 
fetal mortality in these instances is due to 
partial or complete compression of one or more 
of the umbilical vessels. 

Two instances of true hematoma of the 
umbilical cord were recently observed on the 
obstetrical service of the Johns Hopkins Hos- 
pital and this prompted a review of the litera- 
ture on the subject as well as a study of all 
such cases seen on the service since its incep- 
tion in 1896. The files of our obstetrical lab- 
oratory contain microscopic slides on 8 cases; 
in addition, 28 examples of true hematoma 
of the cord have been collected from the litera- 
ture, giving a total of 36 cases for consideration. 

Since we have encountered 8 instances of 
hematoma of the funis in 44,043 deliveries on 
the service, we observe an incidence of 1 case 
in 5,505 termorpremature deliveries. Michailoff 
reported rupture of the umbilical cord as 
occurring 25 times in 26,442 deliveries and 
Forssell twice in 14,442; these figures include, 
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however, not only spontaneous ruptures 
resulting from pathological changes within the 
cord itself, but also ruptures from extraneous 
causes such as precipitate labors and instru- 
mental deliveries. 

A review of the 36 cases from the viewpoint 
of age and parity showed no relationship, the 
age of the patients ranging from 16 to 41 
and their parity from 1 to 8. In 16 cases of 
the combined series the blood Wassermann 
reaction was known. This was negative in 
14 instances and positive in only 2. This 
would seem of particular interest because 
syphilis of the umbilical cord is considered by 
Westphalen (33), Meyer, Marang, Scheres- 
chewsky, and Neuweiler, as a cause of hemor- 
rhage into the umbilical cord. It should be 
recalled that round cell infiltration of the cord, 
upon which the mentioned authors establish 
their diagnosis of syphilis, does not conclu- 
sively prove the presence of syphilis, for 
Siddall encountered inflammation of the um- 
bilical cord in 6 per cent of 984 cases in which 
clinical and serological syphilis had been 
definitely ruled out. 

The duration of pregnancy was not given 
in 1 case collected from the literature; in the 
35 remaining cases of the combined series, 2 
deliveries took place in the eighth month of 
pregnancy, 30 approximately at full term, and 
3 were definitely postmature. The birth weight 
of 17 infants of the combined series is known. 
Two infants weighed between 2,500 and 3,000 
grams; 7 weighed 3,000 to 3,500 grams; 5 
weighed 3,500 to 4,000 grams; and 3 were 
excessive in size, one of these weighing 4,500 
grams. The sex of the fetus was stated in 18 
instances; there were 8 males and 10 females, 
a sex ratio of only 80 as against the usually 
quoted birth sex ratio of 106. 

In the combined series of 36 cases, the fetus 
was born alive in 19 instances, an immediate 
fetal mortality of 47 per cent. Moreover, 
there were 2 neonatal deaths, one fetus (32) 
being so badly asphyxiated that it was not 
resuscitated until after 114 hours of artificial 
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Fig. tr. Case 1. Photograph of the macerated fetus and 
part of the umbilical cord, showing the location and rela- 
tive size of the hematoma. 


respiration and eventually succumbed in a 
state of extreme pallor 28 hours after delivery. 
The other neonatal death (38) occurred on the 
third day, and autopsy revealed icterus which 
had not been diagnosed previously. Of the 
stillborn fetuses, 7 had succumbed before the 
onset of labor and were macerated. One fetus 
died in utero 7 to 11 days before delivery. Ten 
fetuses succumbed during the first or second 
stage of labor and were not macerated. In 3 
instances of prolonged labor due to uterine 
inertia, stillborn but non-macerated fetuses 
were delivered and the prolonged labor might 
have been the factor causing fetal death in 
ulero. 

Abnormal presentations and unfavorable 
positions of the fetus seem to play no réle in 
the production of hematomas of the umbilical 
cord. 

Absolute or relative shortening of the um- 
bilical cord has frequently been mentioned 
as a factor in the development of a hematoma 
of the cord. Of the 8 cases delivered in our 
clinic, the average length of the cord was 
63.25 centimeters, as against 66.31 centimeters 
for those 13 from the literature in which the 
cord length was given. There were no cords 
measuring less than 25 centimeters in length 
and only 5 in the combined series which were 
more than 75 centimeters long. The shortest 
cord measured 30 centimeters in length and 
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the longest 97 centimeters. Williams (37 
gives the average cord length at about 5; 
centimeters. No true knots of the cord wer 
encountered and loops about the fetus o¢ 
curred only 8 times in the 36 cases. The cor! 
was looped once about the fetal neck in 
instances, twice about the neck in 2, and thric.: 
about the neck in 1; and in 2 it was loope:| 
about both fetal neck and body. 

The hematoma usually arises from rupture 
of the wall of the umbilical vein. The vessc| 
involved was not mentioned in 4 cases of the 
combined series. In the 32 remaining cases 
the wall of the umbilical vein had ruptured 
in 28 instances, and an artery in 3. Meyer 
found no injury to the three large umbilical 
vessels in his case and believed the hematoma 
arose from a capillary of the umbilicus. From 
the researches of Bondi, Ruge, and Stutz, it 
was learned that in every umbilicus there 
were nests of capillaries directly on the navel 
portion of the cord. These were shown by 
Hyrtl not to end in a sharp circulatory line 
at the level of the beginning of the amnion, 
but occasionally extended for a short distance 
into the cord. Ruge also found not infrequently 
remains of the vitelline vessels. 

The hematoma is usually located near the 
umbilicus. In the combined series, the loca- 
tion is not mentioned in 7 cases. In 14 
instances it was located directly on the um- 
bilicus or extended to within 1 centimeter of 
the umbilicus; in 3 it originated 1 to 5 centi- 
meters from the umbilicus; in 5, 6 to 15 centi- 
meters from the umbilicus; and in 6 it was 
located near the middle of the cord. In only 
1 case was it near the placental end of the 
cord, and in this it originated 5 centimeters 
from the placenta. Hematomas are usually 
single anomalies, but Delunsch, R. von West- 
phalen (34), and Diener, each report an um- 
bilical cord with two hematomas separated 
from each other by normal cord measuring 
2 to 8 centimeters. In von Westphalen’s case 
(34) the first hematoma from the umbilical 
vein was noted immediately after delivery of 
the living child.. The cord was immediately 
clamped and two small varices were noted 
in the short piece of cord between the clamp 
and the umbilicus. A second hematoma 
developed under the eyes of the observer in the 
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emaining portion of the cord, increased 
rapidly in size, and soon ruptured through the 
mniotic sheath. There was barely space to 

e the cord again just distal to the navel. 
'1 Delunsch’s case, both hematomas arose 

om varicosities of the umbilical vein, were 

centimeters apart, located near the middle 
«| the cord, and a stillborn child was delivered. 
his cord was thin, almost devoid of Wharton’s 
jclly, and the umbilical vessels were straight. 
in Diener’s case both hematomas arising 
irom varices of the vein were present at de- 

ivery of the living child. 

The hematomas vary greatly in size, the 
createst diameter ranging from 1.3 centi- 
meters to the size of a child’s arm. They vary 
in length from 4.5 to 42.0 centimeters. They 
are usually fusiform or eccentric in shape but 
have been described as appearing in shape 
and size as a small sausage, a pigeon’s egg, a 
hen’s egg, a goose egg, and the arm of a new- 
born child. The general appearance is that of 
any collection of blood in tissues, i.e., bluish 
or reddish, but Kroemer and Freisfeld describe 
theirs as resembling a gangrenous gut. 

The cause of rupture of the umbilical vessel 
cannot always be ascertained. In each of the 
cases of rupture of an umbilical artery, some 
anomaly of the vessel wall was noted micro- 
scopically. In one it was congenital thinning 
of the walls (Beckmann and Zimmer); in 
another, degenerative changes in the wall of 
one artery at the site of a loop (Westphalen, 
35); and in the third, mucoid and fatty degen- 
eration of the muscular walls (Schereschewsky). 
When the vein wall ruptures, the cause is less 
frequently determined. In 5 cases, rupture 
was thought to have arisen from a small varix, 
in t from a rather small but thrombosed varix, 
and in another from decreased resistance of 
the vein wall due to icterus (Woltersdorff). 
Couvelaire believed that in his case mechanical 
trauma to the cord in labor from tightening of 
a loop of cord around the fetal neck was respon- 
sible for partial blockage and increase in ve- 
nous pressure, the vein wall having ruptured 
and not being recognizable microscopically 
for a distance of 4 millimeters. The rupture of 
the vein wall was ascribed to increased venous 
pressure due to obstruction of the venous flow 
bv loops of cord about the fetus in 7 instances, 
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Fig. 2. Case 1. Photomicrograph of high power magni- 
fication of the umbilical vein at the site of greatest defi- 
ciency of the vein wall. In all probability this represents 
the site of rupture of the vein. 


to torsion of the cord in 3, and to rupture of 
the membranes in 1. As a rule, when no 
definite cause for rupture of the vein wall is 
apparent, it is ascribed to unequal intra- 
uterine pressure following rupture of the mem- 
branes, i.e., the withdrawal of the counter- 
force exerted by the amniotic fluid on the 
umbilical cord. It is believed that when the 
uterus contracts then and increases umbilical 
venous and arterial tension, a weak vessel 
wall will tear. This explanation, however, 
does not suffice to explain all cases since in 
one of our patients the hematoma was met 
at elective cesarean section, the membranes 
being intact. Galli was able to demonstrate 
actual trauma to the cord, since at the time of 
delivery the cord was found prolapsed just in 
front of the fetal head. He argues that since 
trauma and obstruction were imposed upon 
the cord and its vessels in the birth canal, the 
vascular pressure was increased with uterine 
contractions and the vein ruptured at the 
site of trauma. Stocker does not believe that 
the hematoma acquires enough pressure to 
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Figs. 3 and 4. Case 2. Two views of the hematoma showing that the hemorrhage did 
not completely encircle the cord. The circumference of the cord was not materially 
increased by the presence of the hemorrhage. 


stop the flow of blood in the fetal vessels but 
that after rupture of the wall of the vessel, the 
blood coagulates at the site of rupture and a 
thrombosis develops within the lumen of the 
vessel as it does in aneurisms. On the other 
hand, the dissecting ability of these hematomas 
would indicate that they do exert considerable 
pressure. Freisfeld believes that in his case 
the hematoma was formed, not by actual 
rupture of the vein wall, but by diapedesis; 
he postulates that looping of the umbilical 
cord about the fetal body had caused obstruc- 
tion to free blood flow in the umbilical vessels 
with resultant passive congestion and dia- 
pedesis. 

There is, then, no adequate explanation for 
the occurrence of these hematomas. Mechani- 
cal forces probably play an important rdle. 
To find a single interpretation is difficult since 
the lesions of the umbilical vessels are so 
varied. The majority of the ruptures which 
occur near the navel may be due to traction 
on a short cord (actual or relative) during 
descent or delivery of the child, as well as 
from movements of a fetus with loops of cord 


about its body or extremities. For those near 
the middle of the cord, it may be due to trauma 
from the fetal head or shoulders to a low lying, 
though not actually prolapsed, loop of cord 
which becomes traumatized between fetal and 
maternal tissues. It may even be compressed 
here in the form of a kink and the vascular 
flow obstructed. Superimposed upon this is 
the forcing of placental blood, during uterine 
contractions, into the umbilical vein to in- 
crease its tension. 

Experimentally, Freisfeld tried to produce 
an umbilical cord hematoma by forcefully 
injecting blood into umbilical veins of cords 
from newly born infants. The amniotic sheath 
invariably tore at the same time as the vein 
wall; so rupture of the vein wall does not arise 
solely from increased intravenous pressure. 

The diagnosis of hematoma of the cord can 
not be made before delivery. It can only be 
suspected from such evidences of fetal dis- 
tress as irregularities in fetal heart tones, dis- 
charge of meconium stained amniotic fluid, 
especially with descent of the fetus, and bloody 
amniotic fluid. 
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Vig. 5. Case 2. Photomicrograph of low power magni- 
fication of a cross section of the cord, at the site of the 
hemorrhagic area. The contracted umbilical arteries are 
pushed off to one side of the umbilical cord and are not 
completely surrounded by blood elements, while the 
hemorrhage is chiefly associated with the umbilical vein. 


The following case histories and illustra- 
tions are typical of this complication of preg- 
nancy: 

CasE 1. E. J., No. 152928, C. W. 5727. The 
patient was a 30 year old, white, secundipara, with 
a negative blood Wassermann whose estimated date 
of confinement was October 17, 1938. The pregnancy 
progressed normally until October 8 when fetal move- 
ments ceased; fetal heart tones had been heard 
on the previous day. Two days after fetal death in 
ulero, labor was induced by premature rupture of the 
membranes and intramuscular pituitrin. After a 
labor of 4 hours, delivery was effected by low for- 
ceps. The fetus was a stillborn and macerated male 
weighing 4,315 grams (9.49 pounds). An autopsy 
revealed no fetal anomalies. As may be seen in 
Figure 1, the hematoma of the cord was situated 
directly on the umbilicus. The cord was only moder- 
ately enlarged by the hematoma and the hemor- 
rhagic area measured 3.5 by 2 by 2 centimeters. The 
remainder of the umbilical cord was typical of one 
associated with a macerated fetus. The umbilicus 
Was excised and it and the cord cut into several 
cross sectional blocks for microscopic study. On the 
placental side of the hematoma the umbilical vein 
was dilated with blood clot, measuring 1 centimeter 
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Fig. 6. Case 2. Photomicrograph of high power magni- 
fication of the umbilical vein at the point of rupture. Note 
the defect in the vein wall, with blood clot which extends 
through this and is in communication with the lumen of 
the vein, as well as with the hemorrhagic area surround- 
ing the vein. 


in diameter. The umbilical arteries here appeared 
grossly normal. On the fetal side of the hematoma, 
the vein and one artery were collapsed. Many in- 
tact umbilical capillaries were seen in this region. 
A cross section through the middle of the hematoma 
revealed that the vein was markedly dilated, the 
collapsed umbilical arteries were pushed over to the 
opposite edge of the cord, and the whartonian jelly 
was infiltrated with old blood. Microscopically, the 
vein wall was found to be thinned. The endothelial 
lining was ragged in several areas and at one point 
the muscularis was broken into but a complete rup- 
ture was not found. One of these defective areas is 
shown in Figure 2. There is no history of bodily 
injury or any fetal or maternal complication to ex- 
plain the cause of this hematoma. 

CAsE 2. D. M., No. 143523, C. W. 5746. The 
patient was a 17 year old, colored secundipara, with 
a negative blood Wassermann, whose menstrual 
history was not reliable. The pregnancy progressed 
normally and she fell into labor spontaneously on 
October 29, 1938. The membranes ruptured spon- 
taneously after 6 hours of labor and on admission 
1 hour later, the cervix was found to be fully dilated. 
There was no evidence of fetal distress. She delivered 
spontaneously soon after admission, the fetal head 
emerging in left occipitoposterior position. The 
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child was a normal, living male, and weighed 3085 
grams (6.79 pounds). 

The hematoma of the cord extended over a dis- 
tance of 12 centimeters and to 3 centimeters from 
the navel. It did not completely encircle the cord 
as is shown in Figs. 3, 4, and 5, but proceeded along 
a spiral course which followed the course of the 
umbilical vein. The cord in the region of the hema- 
toma was only slightly larger than elsewhere. On 
cross section the hematoma was found to lie in the 
cord opposite the umbilical arteries and partially or 
completely encircling the vein. This was true only 
in the 3 centimeters of the hemorrhagic area nearest 
the navel. Distal to this region, and extending for 
a distance of 4 centimeters, the infiltrated blood 
encircled all of the umbilical vessels. Above this 
level, the hematoma decreased gradually in size, and 
at the upper margin of the discoloration of the cord, 
blood was found infiltrated only along the peripheral 
side of the vein. 

Microscopically, the umbilical arteries were moder- 
ately contracted, and their muscular walls were not 
remarkable. The vein on the other hand, was moder- 
ately dilated and its wall irregularly thinned. Near 
the midpoint of the hematomatous area, the actual 
point of rupture of the umbilical vein is located. 
This is represented in Figure 6. Here the vein wall 
is contracted and there is a defect involving approxi- 
mately one-sixth the circumference of the wall. 
Blood elements are continuous with the hemorrhagic 
area and the lumen of the vein. In this region of 
the cord the hemorrhage almost completely obliter- 
ates the cellular outline of Wharton’s jelly. The 
cause of the rupture of this vessel is not known. 


CONCLUSIONS 


1. Hematoma of the umbilical cord is a 
rare complication of pregnancy and labor, 
occurring about once in 5,505 deliveries at or 
near term. 

2. The great majority of hematomas occur 
at approximately full term. 

3. Essentially one-half of all fetuses whose 
umbilical cords contain hemorrhagic areas are 
stillborn. 

4. The hemorrhage usually arises from rup- 
ture of the wall of the umbilical vein, though 
occasionally the wall of an umbilical artery 
ruptures; and rarely does the hemorrhage 
arise from the capillaries of the fetal end of 
the funis. 

5. The size of the hematomas varies greatly 
and the majority are located nearer the fetus 
than the placenta. 

6. Maternal complications of pregnancy 
are neither common nor limited to syphilis 
and the toxemias. 


7. The causes of rupture of an umbilical 
vessel are obscure and probably several fac- 
tors enter into the development of a hematoma 
in each case. 

8. Before delivery, the only clinical evi- 
dence of the presence of a hematoma of the 
cord is that of fetal distress or occasionally 
that of vaginal bleeding. 


We wish to thank Dr. J. M. Bergland for permission to 
include Case 1 in this report. 
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Fig. 6 


Aseptic Gastric Resection Owen H. Wangensteen. 


Fig. 5. The posterior portion 
of the anastomosis is made first. 
The sketch on the left shows 
six anchor sutures in place. All 
sutures are of fine silk. In the 
first posterior row, either the 
“plain-quilt” mattress suture 
of Halsted or the interrupted 
Cushing stitch is satisfactory. 
When all the anchor sutures 
are placed, they are tied and 
additional sutures are placed 
between. The second posterior 
row of sutures shown on the 
right should be of the Cushing 
type, for it permits placement 
of the sutures at the very edge 
of the crushed groove. Proper 
holding of the clamps is an 
important item in the ease with 
which sutures are placed. The 
responsibility of rotating the 
clamps properly is so important 
a function that the first assist- 
ant takes over this duty, while 
the second assistant aids the 
surgeon while the stitches are 
being placed. The ferrules are 
removed before the clamps are 
rotated for placement of the 
anterior row of sutures shown 
in Figure 6. 

Fig. 6. The anterior row of su- 
tures. The first row of stitches 
should be of the Cushing type. 
The insert shows the method 
of tightening the sutures and 
approximating the bowel edges 
as the clamps are removed. 
Additional sutures are placed 
between after removal of the 
clamps. The second row placed 
after the clamps are removed 
may be either the Halsted 
“plain-quilt” mattress suture 
or the Cushing stitch. A special 
tightening device over the han- 
dles keeps the clamps securely 
apposed during placement of 
the first row of sutures before 
the clamps are removed. A 
double ferrule suffices to keep 
the ends of the narrow bladed 
clamps in position during place 
ment of the first anterior row 
of sutures. 
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CLINICAL SURGERY 


FROM THE DEPARTMENT OF SURGERY, UNIVERSITY OF MINNESOTA 


ASEPTIC GASTRIC RESECTION 


I. A Method of Aseptic Anastomosis Adaptable to Any Segment of the 


Alimentary Canal (Esophagus, Stomach, Small or Large Intestine); 


II. Including Preliminary Description of Subtotal Excision 


of the Acid Secreting Area for Ulcer 


OWEN H. WANGENSTEEN, M.D., F.A.C.S., Minneapolis, Minnesota 


VERY modern work on operative surgery 
devotes a section to description of the 
technique of performing aseptic intes- 
tinal anastomoses. The writings of Ran- 

kin have served to make adoption of the closed 
method of anastomosis a more commonly prac- 
ticed procedure in partial excisions of the colon. 
Yet, even in this segment of the intestinal canal, 
the portion in which the closed method is most 
frequently used, more surgeons still make the open 
rather than the closed or aseptic anastomosis. Use 
of the Bloch-Mikulicz principle of exteriorization 
of colonic lesions, without question, contributes to 
continuance of the practice of making open anas- 
tomosis in the colon. The writer like most sur- 
geons has given the closed methods (Parker-Kerr 
basting stitch and Rankin clamp) an occasional 
trial, but in the main he has continued to use 
largely the open method of intestinal anastomosis. 
THE WRITER’S EXPERIENCE 

Now for a period of somewhat more than a 
year, the writer has used the closed method exclu- 
sively in all anastomoses in the alimentary canal. 
This experience has been so satisfactory, as to sug- 
gest recording it. Primary anastomoses have been 
made by the aseptic method to be described be- 
tween the lower esophagus and jejunum after 
total gastrectomy; between the stomach and 
jejunum after partial gastrectomy; between seg- 
ments of small and large intestine as well as anas- 


The researches presented herewith were supported by grants of 
he Graduate School of the University of Minnesota and the 
‘ommittee on Scientific Research of the American Medical 
\ssociation; also by a grant for technical assistance by the 
‘ederal Public Works Administration, Project No. 665-71-—3-60, 
ub-project No. 258. 





tomosis of the small intestine to the colon. End- 
to-end, end-to-side, and side-to-side anastomoses 
have all been made. In several instances as many 
as 3 separate anastomoses have been made at the 
same operation. Acquaintance with the applica- 
bility of aseptic anastomoses occasions the surgeon 
less hesitancy in making an extra anastomosis if it 
appears to be the procedure of election. In all 
these procedures, there has been but one death 
owing directly to a technical fault in the operative 
procedures. This patient had a gastrojejunocolic 
fistula. A one stage excision, resecting a large por- 
tion of the stomach including end-to-side anasto- 
mosis of the small intestine and end-to-end in the 
colon was made. This patient, Mr. E.S., U.H. No. 
629454, aged 30, died 15 days after performance 
of the operative procedure and a small gastric 
fistula was found. On completion of the operative 
procedure, a hematoma was felt within the stom- 
ach. After it was evacuated with a large gastric 
tube, a running stitch of fine catgut was placed 
about the anastomosis. This extra suture rather 
hastily placed apparently devitalized a small por- 
tion of the gastric wall in the suture line. On a 
patient of 69 upon whom total gastrectomy was 
done for carcinoma of the entire stomach, an 
aseptic esophagojejunostomy was made. The pa- 
tient died suddenly during convalescence, of coron- 
ary infarction. The anastomosis was intact and 
supported an intraluminal pressure of more than 
roo centimeters of water, without the slightest 
trace of leakage (Mr. W.S., U.H. No. 683312). 


THE WRITER’S METHOD 


No new principle of anastomosis has been 
evolved in the writer’s method of making an 
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Fig. 1. Amputation of duodenum in Billroth II type of operation, employing the 
Petz clamp and suture apparatus. A single row of interrupted “plain-quilt” Halsted 
mattress sutures of fine silk suffices usually to make a nice inversion. 


aseptic anastomosis. As a matter of fact, in all 
methods union of the two intestinal segments is 
obtained by the placement of sutures upon the 
external surface of the bowel wall, the surfaces to 
be united being maintained in apposition through 
the agency of clamps, crushing or temporary 
sutures. The penetration of the intestinal suture, 
whether interrupted or continuous, into the sub- 
mucous layer of the bowel wall is, as was pointed 
out by Halsted in the open anastomosis, equally 
as important for the success of the aseptic closed 
anastomosis. The development of the aseptic 
mode of intestinal anastomosis including its many 
variants has been described recently so well by 
Spivack in 1937, that no allusion will be made here 
to the literature of the subject. The methods of 
Stone (20, 26) and Wolfson published since Spi- 
vack’s monograph are unique. However, the ease 
of management of an instrument made up after 
the hemostat principle with a self-locking handle 
is so striking as to suggest that it is to be preferred 
to an assembled type of clamp needing more 
hands for its manipulation. Campbell and Dennis 
of this clinic have each described previously their 
experiences with the employment of aseptic anas- 
tomosis in intestinal resections. 

It is adoption of the aseptic manner of anasto- 


mosis to gastric resection that the writer is con- 
cerned with especially here—a procedure that has 
not been described previously as far as the writer 
has been able to learn. There will be those who 
will ask “Why make an aseptic anastomosis in the 
stomach?” In reply the writer will only suggest 
that the lack of soiling and the refinements in the 
method of securing gastro-intestinal union, as 
contrasted with the open anastomosis, are so de- 
sirable as to suggest routine performance of the 
operation as the method of choice when gastric 
resection or gastrojejunostomy are indicated. 


THE TECHNIQUE 


Over a period of several months, with the aid of 
Dr. Warner F. Bowers, surgical resident at the 
University Hospital, now of Omaha, the writer 
went frequently to the postmortem room and 
made closed anastomoses in all segments of the 
gastro-intestinal canal by well known methods 
(Parker-Kerr, 21; Rankin; and Martzloff-Burget. 
18), noting carefully the salient points in a satis- 
factory anastomosis. We soon convinced ourselves 
that a closed anastomosis made with interrupted 
sutures of fine silk carefully placed over forcep 
with a thin blade presented the nicest end-resul 
with least inversion of tissue—an anastomosi: 
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Fig. 2. Placement of the large crushing forceps (made up after the Payr pattern) 
across the stomach at the site chosen for the anastomosis. The upper insert shows the 
crater of the carcinomatous ulcer. The lower insert, after removal of the tightening 
device, shows the groove in the gastric wall made by the crushing clamp. 


when viewed from the interior appeared to be far 
superior to the open 2 or 3 row suture anastomosis. 
The Martzloff-Burget clamp of the available in- 
struments for closed intestinal anastomosis ap- 
peared to meet the requirements of a satisfactory 
closed anastomosis most adequately. Using this 
clamp as a pattern, the writer asked the V. 
Mueller Co. in Chicago to make an intestinal 
clamp with a narrow blade of uniform width 
throughout, with a locking device to hold the 
clamps together during placement of the anterior 
row of sutures. A similar pair of long clamps was 
made for gastro-intestinal anastomoses.' 

The use of these clamps in performing subtotal 
gastric resection of the stomach for malignancy is 
shown in Figures 5 and 6. It is apparent that the 
thickness of the gastric wall would cause the long 
thin blades of such a clamp to spread. In order to 
obviate this difficulty, a long crushing clamp of 
uniform breadth after the Payr pattern with a 
tightening device at the distal end was made up 
to crush the gastric wall, before placing the anas- 
tomosis clamp (Fig. 2). In order to secure accu- 
rate coaptation of the longitudinal grooves of the 
instrument, a ferrule was made up to fit over the 


'The instruments described herein may be obtained from the V. Muel- 
ler Co., Chicago. 





tip of the clamp, as the blades were approximated 
(Fig. 3). These ferrules are used also on the 
shorter intestinal anastomosis clamp. The tech- 
nical steps involved in the Billroth II type of pro- 
cedure performed for carcinoma or certain types 
of ulcer demanding this pattern of operation are 
shown in Figures 1 to 6. 

Hemostasis. In the colon and small intestine no 
special procedures are necessary in the normally 
vascularized gut to secure hemostasis incident to 
performance of closed anastomosis. In the stom- 
ach on the contrary, it is important to ligate the 
branches of the gastric vessels near the site selec- 
ted for gastric section. The use of the large crush- 
ing instrument described and depicted in Figure 2, 
helps also to provide satisfactory hemostasis. The 
writer has not been content to rely upon these 
measures alone, however, and from the begin- 
ning, the coagulating current of a surgical dia- 
thermy apparatus has been applied to the 
anastomosis clamp at the site of gastric amputa- 
tion to insure satisfactory hemostasis (Fig. 3). A 
stop-watch is used uniformly and experience has 
shown that 6 to 10 seconds with the dial set at 70 
(Bovee type of surgical diathermy apparatus) 
suffices to cause complete arrest of bleeding. Both 
nurses and house officers have expressed the 
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Fig. 3. The anastomosis clamp employed by the writer in gastric resections (pat- 
terned after the Martzloff intestinal clamp) is placed in the distal portion of the 
groove made by the crushing clamp. A ferrule has been placed on the tip to insure a 
perfect mesh of the longitudinal grooves of the blades. Preliminary crushing of the 
gastric wall as shown in Figure 2 makes it possible for this narrow bladed instrument 
to maintain the gastric walls closed securely. The coagulating current of a surgical 
diathermy apparatus is applied for 6 to 10 seconds (stop watch) to augment hemo- 
stasis. Finally, as shown in the insert, the portion of the stomach to be removed is 
amputated with the cautery. Inasmuch as the anastomosis clamp is a very thin blade, 
the tissue should be divided not on, but a slight distance above, the clamp. 


opinion repeatedly that the postoperative return 
of fluid through the inlying gastric tube, to which 
suction is applied, is less bloody than in the open 
anastomosis. In only one instance has there been 
troublesome bleeding, viz. in the case of the gas- 
trojejunocolic fistula referred to previously. The 
presence of a hematoma in the stomach was noted 
prior to closure and there was no postoperative 
bleeding. The type of gastric resection performed 
in this instance was as is indicated in Figures 14 
and 15. The stomach was amputated by means 
of the Petz suturing apparatus and the area not 
employed in the anastomosis was merely inverted. 
Since this experience, the area not employed in 
the anastomosis is oversewn regularly with a run- 
ning stitch of fine catgut before inversion. 

The technique of suture. In subtotal gastrectomy 
for malignancy, the duodenum is divided as indi- 
cated in Figure 1. A single row of interrupted 
“‘plain-quilt’’ (Halsted) mattress sutures of fine 
silk over the Petz clips makes a satisfactory duo- 
denal inversion. 

Inasmuch as the residual gastric segment after 
resection can not be reversed because of the at- 
tachment of mesenteries at both curvatures, it is 
apparent that the posterior rows of sutures should 


be placed before the anterior. A little practice has 
demonstrated this to be so simple that the anas- 
tomosis is made always in this manner even in the 
small bowel, where it would be easy to reverse the 
segment by a turn of the opposed clamps. Inter- 
rupted sutures of fine silk (champion No. 1) are 
placed as indicated in Figures 5 and 6. Two rows 
are placed posteriorly and anteriorly. Posteriorly, 
the deep row is placed first. The first row poste- 
riorly and the second or final row of sutures ante- 
riorly may be of the Halsted “plain-quilt” type or 
of the Cushing variety as shown in the illustra- 
tions. The Halsted interrupted suture as shown 
in Figure 14 affords maximal approximation and 
is eminently satisfactory. The Cushing type of 
suture permits placement of the sutures nearer the 
clamp than does the mattress suture of Halsted 
and is employed routinely for the second posterior 
and first anterior rows. In anastomoses in the 
small and large bowel whether end-to-end or side- 
to-side, four sutures are placed usually before any 
are tied. Three sutures are then placed between 
these four. There are therefore seven sutures in 
each row posteriorly. When the mesentery in 
immediate juxtaposition to the bowel contains 
much fat, lateral anastomosis is more easily car 
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Fig. 4. Removal of a slip of the jejunal wall preparatory 
to lateral anastomosis. The precaution observed in Figure 
3 of cutting slightly above the clamp is followed here too. 
The ferrule is placed on the anastomosis clamp as its blades 
are being closed. A steel metric rule is employed to meas- 
ure the exact length of the anastomosis in centimeters. 
This is an important item to secure absolute parity in 
length of the surfaces to be apposed by suture. 


ried out than end-to-end and probably with 
greater safety. In the stomach because of the 
greater length, five or six sutures are placed usu- 
ally before any are tied. Additional sutures are 
then placed between these. A hemostat is affixed 
to each suture; traction upon adjoining sutures 
makes placement of additional sutures between, a 
simple matter. Before the clamps are rotated for 
the placement of the anterior row of sutures, the 
single ferrules are removed. After the clamps have 
been properly apposed for the placement of the 
anterior row of sutures, the double ferrule engages 
the tips of the clamps and a tightening device over 
the handles holds the clamps securely. The an- 
terior rows are placed as indicated in Figure 6. 
After the first row is placed the clamps are with- 
drawn. Gradual tightening of the sutures serves 
to avoid spillage. Upon completion of the second 
row of anterior sutures, care is taken to observe 
that the stoma is opened (Fig. 7). In no instance 
has a suture catching both anterior and posterior 
walls of the anastomosis been felt. 

Failure to approximate the mucosal edges does 
not appear to be a drawback. The Cushing stitch 
placed close to the clamps approximates the gas- 
tric and jejunal mucosa probably about as well as 
the continuous Connell suture, employed in the 
open anastomosis. Anastomoses made as a pre- 
iminary to this type of gastric resection on 
iutopsy material suggested that the closed suture 
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Fig. 7. Opening the stoma with digital manipulation 
after completion of the anastomosis. 


described here secured satisfactory approximation 
of the mucosa. 

In gastric resection for malignancy, an entero- 
anastomosis is always made, no matter how tedi- 
ous or difficult the procedure may have been (Fig. 
8). Avoidance of all potential complications is 
what makes operations upon aged poor risk 
patients suffering from malignancy possible with 
a uniformly low mortality rate. In a small series 
of consecutive gastric resections for malignancy 





Fig. 8. Schematic drawing of the completed operation. 
When this type of resection is made for malignancy, the 
writer invariably adds an entero-anastomosis. It only takes 
a few minutes to complete and is done in the same manner. 
Entero-anastomosis is omitted regularly in the Billroth IT 
type of operation for ulcer. 


64 SURGERY, GYNECOLOGY AND OBSTETRICS 





a b 


Fig. 9. a, Small residual gastric pouch (estimated at 15 
to 20 cubic centimeters on completion of the operation) in a 
very high aseptic resection done for carcinoma in a man of 
71 who also has pernicious anemia and has received treat- 


done over a 30 month period in which the open 
anastomosis was made, reported previously (27) 
there was a mortality of 7.1 per cent. The pos- 
terior Pélya type of anastomosis is employed quite 
regularly. When this type of resection is done for 
benign ulcer, however, entero-enterostomy is 
omitted uniformly, for otherwise the intragastric 
regurgitation feature will be largely lost—prob- 
ably the most important principle of the opera- 
tion, unless a large area of the corporic zone of 
the stomach is excised also. Several subtotal 
gastric resections for malignancy have been per- 
formed by the aseptic technique described here 
in which very small residual gastric pouches re- 
mained after operation (see Fig. 9). . 

The incision. Experience has demonstrated 
that the incision which assures most ready access 
to the upper end of the stomach is a subcostal inci- 
sion as indicated in Figure 10. The uppermost 
vessels in the gastrosplenic ligament can be divid- 
ed usually without difficulty through this incision. 
Even with a long left rectus incision extending into 
the notch at the xiphoid, troublesome bleeding has 
been encountered occasionally in devascularizing 
the upper end of the greater curvature because of 
tearing of small veins in the gastrosplenic omen- 
tum incidental to traction upon the stomach. 
Access to the upper fundic portion of the stomach 
is relatively easy through this oblique subcostal 
incision and it also permits of satisfactory manage- 
ment of the duodenal stump. The incision is 
closed easily as is indicated in Figure 11. Inter- 
rupted silk sutures of the Halsted mattress type 
are employed to close the peritoneum and fascial 
layers. Postoperative hernia has not been ob- 
served in this type of incision and the patients 
can be gotten up by the seventh or eighth day 


ment for 13 years. There is some dilatation of the esoph- 
agus. (Mr. N.M., U.H. No. 635605.) b, The esophageal 
dilatation has disappeared and the gastric pouch has en- 
larged. c, The subcostal incision. 


after operation—at least 3 or 4 days earlier than 
when the vertical incision is employed. 

Pre-operative and postoperative treatment. In an 
earlier series of operations for gastric malignancy 
in which the open anastomosis was used, previous- 
ly reported, pre-operative gastric lavage with 120 
cubic centimeters of tenth normal hydrochloric 
acid was employed (27). In the achlorhydric 
stomach this is undoubtedly a worthwhile step 
for the open anastomosis. The writer abandoned 
it, however, with adoption of the aseptic method. 

An indwelling duodenal tube is passed into the 
stomach of each patient a few hours before he goes 
to the operating room. It remains there during 
the course of the operation, being pulled back by 
the anesthetist into the upper recess of the stom- 
ach or pushed back by the surgeon before the 
stomach is transected. Suction is in force during 
operation and is continued constantly for 72 to 96 
hours without interruption after operation. The 
tube is then clamped for increasingly longer 
intervals and when its closure affords the pa- 
tient no distress, the duodenal tube is withdrawn. 
Patients drink water as soon as they have 
awakened fully from the anesthesia and are well 
oriented. 

Pyloric obstruction. In patients with high grade 
obstruction, the indwelling tube and suction may 
have to be used for some period of time prior to 
operation. As the volume of the return decreases, 
aspiration 2 or 3 times daily may be substituted 
for the indwelling tube. In this present series o! 
patients, there were two with carcinoma of the 
stomach whose pyloric obstruction was especially 
severe. One of these had what appeared to be 
total occlusion after entry. After about 3 weeks 
of pre-operative preparation the gastric retentior 
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Fig. 10. Incision employed to gain ready access to the 
undic portion of the stomach. 


ippeared still to be complete—the aspirations 
varying from goo to 2400 cubic centimeters daily. 
This patient, Mr. F.S., U.H. No. 679614, an 
obese man of 62, had ascites and considerable 
edema and a hypoproteinemia. A large number of 
transfusions of whole blood and serum (human) 
corrected this condition and made it possible to 
operate upon him without undue risk. The other 
patient, Mrs. E.W., U.H. No. 679859, a thin 
woman of 50 years, had a similar situation, though 
not so severe. 

In both patients an aseptic gastro-enterostomy 
was done. Each patient presented a localized 
operable lesion which in both instances, however, 
was large. Somewhat more than 4 weeks after 
the initial operation, both patients were reoperated 
upon, the intention being to excise the lesion. In 
each instance, a carcinoma of the peritoneum with 
gross fixation of the lesion was encountered, mak- 
ing removal impractical. This type of experience 
suggests that it may have been wiser to have done 
one stage gastric resections despite the antecedent 
stories of pre-operative obstruction. How much 
the trauma of the initial operations was responsi- 
ble and how much the character of the lesions per 
se accounted for this rapid rate of growth can not 
be answered definitely. Whenever feasible, how- 
ever, the one stage resection for malignancy should 
be performed. The writer’s experience with pallia- 
tive resections in the presence of irremovable 
nodes or even isolated hepatic metastases warrants 
continuance of this somewhat unorthodox pro- 
cedure. 

Anesthesia. The writer has used inhalation 
anesthesia to the exclusion of all others. Age has 
been no contra-indication. In the colon group of 
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Fig. 11. Closure of the incision. 


aseptic reséctions there was one patient of 79 and 
another aged 80; in the gastric series, the oldest 
patient was 78 years. Cyclopropane re-enforced by 
a small amount of ether occasionally, has been the 
anesthetic used regularly. A few minutes prior to 
the use of cautery the cyclopropane is discon- 
tinued and ether is given by the closed method. 

Bronchoscopic aspiration. Upon completion of 
the operative procedure the anesthetist aspirates 
the trachea with a urethral catheter through the 
larger diameter of the inlying intratracheal tube. 
If the patient’s trachea is at all moist, broncho- 
scopic aspiration is performed regularly in the 
Trendelenburg position before the patient leaves 
the operating suite. This procedure (an excellent 
function for the anesthetist) together with em- 
ployment of an intragastric inlying duodenal tube 
and a moderate Trendelenburg posture for a few 
days after operation constitute the best protection 
against the occurrence of atelectasis or pneu- 
monia. Fowler’s position has long been outmoded 
in this type of surgery and has, as a matter of 
fact, little place in abdominal surgery. 


II. ASUGGESTED PLAN OF OPERATION FOR ULCER 
USING THE ASEPTIC METHOD OF ANASTOMOSIS 


In April 1935 the writer performed antral resec- 
tion for a patient of 45 years. Mr. F.F., U.H. No. 
627911, who continued to bleed occasionally from 
a duodenal ulcer more than 12 years after the per- 
formance of gastrojejunostomy. The duodenal 
ulcer was removed during the course of the antral 
resection and the stomach was resected proximally 
to the site of the stoma previously made. There 
was no roentgenological evidence of a gastroje- 
junal ulcer prior to antral resection and the stoma 
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Fig. 12. Excision of fundus with provision for complete 
intragastric regurgitation of bile and pancreatic juice for 
gastrojejunal ulcer developing after antral resection. 


was found quite normal at operation. Not long 
after performance of antral resection, however, 
clinical and roentgenological evidence of a gastro- 
jejunal ulcer appeared. Within the past year an 
identical experience was had with a young man of 
24 years, Mr. L.K., U.H. No. 669044. A gastro- 
jejunostomy had been performed by the writer a 
short time before for an obstructing bleeding 
duodenal ulcer. Before the patient left the hos- 
pital, massive hemorrhages threatening exsangui- 
nation occurred. Excision of the duodenal ulcer 
including the antrum was done despite the pre- 
carious condition of the patient. Erosion of the 
gastroduodenal artery with active bleeding into 
the bowel was observed at operation.' The con- 
valescence was surprisingly easy and the patient 


1Six emergency operations have now been done for massive hemorrhage 
in duodenal ulcer in patients who remained in shock unless blood was 
given continuously. An opening in the gastroduodenal artery was the 
common finding. Resection with excision of the ulcer and ligature of 
the bleeding vessel was done. Four recovered. 





Fig. 14. Subtotal excision of acid secreting area for ulcer. 
A running suture of catgut is whipped over the Petz clips 
which are to be inverted. The insert shows the inversion 
afforded by the “plain-quilt” mattress suture of Halsted. 





Fig. 13. A proposed type of gastric resection for ulcer. 
The greater curvature and the fundus are removed. The 
insert shows the functional activity of the stomach with 
reference to the secretion of hydrochloric acid. In the 
antrum no acid is secreted. In the black zone, the distribu- 
tion of the parietal cells in the gastric glands is maximal. 
Proportionally somewhat lesser numbers are to be found 
in the shaded zone (Berger). 


left the hospital with gastric acid values which 
were high. The patient was informed that he 
might have further trouble. In less than a month, 
a gastrojejunal ulcer developed which could not 
be relieved by medical management. 

In both these instances, the gastrojejunal ulcer 
was dealt with readily by dividing and inverting 
the jejunum beyond the stoma, the distal jejunum 
being anastomosed to the stomach. By this pro- 
cedure, regurgitation of the entire duodenal con- 
tent into the stomach for purposes of neutraliza- 
tion is assured. In the instance of the last opera- 
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Fig. 15. The anastomosis after this type of gastric re=ec- 


tion. 
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Fig. 16. a, left, Specimen of stomach after gastric re- 
section for chronic ulcer high on lesser curvature by the 
Billroth II method. The mucosa exhibits some evidence 
of rugation only at the upper end. The patient is achlor- 
hydric. b, right, The rugation in a specimen excised by 
the method herein described. The patient is achlorhydric. 


tion, performed on Mr. L.K., aged 24, referred 
to above, the fundus was excised also as 
indicated in Figure 12. ‘In both instances roent- 
genological as well as clinical evidence of the 
gastrojejunal ulcer disappeared.' Since the per- 
formance of these operations, the writer has 
learned that Schmilinsky described this type of 
procedure to provide complete intragastric re- 
gurgitation of bile and pancreatic juice—a pro- 
cedure which he referred to as an “internal 
apothecary”’ a number of years ago. The method 
apparently has never enjoyed any popularity. 
After the first operation, the writer performed 
several upon dogs, but unless the antrum was 
divided, mechanical difficulty with gastric empty- 
ing was encountered, giving rise to vomiting. 
Return of the entire duodenal content into the 
stomach, however, would appear to be a satis- 
factory operation for gastrojejunal ulcer occur- 
ring after the Billroth II type of operation (see 
Fig. 18). 

Surgeons who have had recourse to radical 
methods of dealing with ulcer have adopted the 
principle of antral resection. This adaptation of 
the first gastric resections done for pyloric 


1Mr. L. K. has died since of a perforation of another gastrojejunal 
ilcer in the new gastric outlet. The original gastrojejunal ulcer disap- 
eared completely. 
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malignancy to ulcer appears to have received 
ample justification in the observations of Edkins 
(8, 9). He, it is to be remembered, postulated 
following acute experiments upon the cat, employ- 
ing gastric mucosal extracts from the cat and pig, 
that the gastric hormone for the secretion of 
hydrochloric acid had its origin in the mucosa of 
the antrum of the stomach. It had long before 
been shown by Heidenhain that only the corpus 
and fundus of the stomach secreted hydrochloric 
acid. The antrum, he observed, gave rise only to 
the secretion of an alkaline medium which was 
largely mucus. This observation of Heidenhain 
was confirmed amply by the histological studies 
of Bensley. Through the years the hypothesis of 
Edkins (8) concerning the source of gastrin has 
held the field, and surgeons in performing antral 
resection for ulcer have accepted this thesis. The 
antral mucosa, it is stated generally, controls and 
regulates the secretion of hydrochloric acid by 
supplying the stimulus which causes the parietal 
cells of the fundus and corpus to secrete. The 
common denominator of ulcer, it would appear 
from a number of studies (Mann, Dragstedt, 19; 
Ivy; and others) is the acidity of the gastric juice. 
The objective of any well directed surgical therapy 
would, therefore, appear to be effective reduction 
of gastric acidity. 
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Fig. 17. X-ray films showing residual gastric pouches in two patients after subtotal 
excision of the acid secreting area. Emptying occurs through the pylorus and new 
stoma in both. Both patients are achlorhydric even after histamine. 


It has been noted not uncommonly that patients 
continue to secrete free hydrochloric acid from the 
remaining gastric pouch after antral resection in- 
cluding the pyloric sphincter done after the Bill- 
roth II type of operation. This occurrence has led 
surgeons to add increasingly greater amounts of 
the intermediate and corporic zones of the 
stomach to the excised areas when performing 
gastric resection for ulcer (10, 11, 15, 16). On the 
basis that the greater amount of hydrochloric acid 
was secreted by the parietal cells in the fundic 
zone, Connell (5, 6), suggested and practiced V ex- 
cisions of a portion of the fundus of the stomach— 
an operation which he described as fundusectomy. 
This procedure to date does not appear to have 
been widely practiced and Seely and Zollinger (24) 
and Watson contend that such excisions in dogs 
are not followed by qualitative reduction in degree 
of acidity of the gastric juice. Whether a quanti- 
tative diminution in the total amount of acid 
secreted followed this type of procedure could be 
determined accurately only in isolated gastric 
pouches. 

It would appear from available evidence that 
surgical procedures performed upon the stomach 
for the relief of ulcer concern essentially: (1) 
Neutralization of the acid gastric juice by provid- 
ing avenues for the regurgitation of the alkaline 
secretions of bile, pancreatic juice, and succus 
entericus into the stomach; and (2) reduction of 
the capacity of the stomach to secrete hydro- 
chloric acid. Surgeons have believed generally 
that the antral type of resection accomplishes this 
and the hypothesis of Edkins (8) lends tenable 
support to this thesis. That such operations 
accomplish this actually, apart from whatever 


neutralization occurs through the agency of par- 
tial intragastric regurgitation attending the estab- 
lishment of the new stoma, is demanding of proof. 
The observations detailed here relating to the 
development of gastrojejunal ulcer immediately 
after antral resection suggests that Edkins’ thesis 
may be invalid. Antral resection performed after 
gastrojejunostomy eliminates the normal avenue 
for intragastric regurgitation through the pylorus. 
It is admitted quite generally that pyloric ex- 
clusion done simultaneously with gastrojejunos- 
tomy invites the formation of gastrojejunal ulcer. 

These facts suggest that the gain accruing from 
antral resection for ulcer is explicable largely on 
the basis of intragastric regurgitation through a 
new wide stoma. This suggestion must also, how- 
ever, be submitted to direct experimental proof 
before being accepted as fact. At any rate, there 
appears now to be little factual support for the 
belief that antral resection per se reduces the secre- 
tory capacity of the stomach. The writer is now 
engaged with several associates in trying to se- 
cure direct experimental evidence upon this issue. 

It would seem not unlikely, however, that each 
segment of the stomach functions in accord with 
its known cellular activity. Physiologists (13) 
and anatomists (2, 3) are in accord with reference 
to the particular cells (parietal) and their loca- 
tion which are responsible for the secretion o/ 
hydrochloric acid (Fig. 13). 


THE WRITER’S METHOD 


With these considerations as a basis, the writer 
has performed an operation in a few selected in- 
stances of complicated ulcer, in which an attempt 
has been made to excise a large segment from that 
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portion of the stomach in which the secretion of 
hydrochloric acid is known to have its origin 
(Figs. 14 and 15). This operation may be done 
readily through the incision shown in Figure to. 
The weakness of the procedure lies in this, that 
the so-called “‘ulcer bearing area” remains behind 
and the ulcer or ulcers are not removed. The 
writer is inclined to believe that there are causes 
other than ‘‘tissue susceptibility” that bear upon 
the site of occurrence of ulcer. (See footnote be- 
low and legend for Fig. 18.) Effectual reduction of 
the capacity of the residual portion of the stom- 
ach to secrete hydrochloric acid under any cir- 
cumstances would appear to be the desired ob- 
jective. This operative procedure is easy of per- 
formance, particularly because the continuity of 
the lesser curvature is not disturbed. 

In the presence of a very short gastrosplenic 
omentum mobilization of the entire fundus may 
be somewhat difficult; ordinarily it is not. The 
only other item to which special attention should 
be drawn is that the anastomosis is made between 
two sutured areas of inversion (Fig. 15). How- 
ever, this matter presents no special difficulties. 
One could, of course, and the writer has placed 
the anastomosis at the lower inverted area, near 
the remaining antrum. Should for any reason, 
however, excision of the antrum be indicated sub- 
sequently, the presence of the anastomosis higher 
on the residual gastric wall would be a desirable 
feature. It is to be noted that only a narrow tube 
persists along the lesser curvature in the corporic 
zone after this procedure. 

To date 7 patients have been operated upon by 
this method.' These were all complicated cases 
and included the instance of the gastrojejunocolic 
fistula referred to; another gastrojejunal ulcer; 2 
instances of both gastric and duodenal ulcer and 2 
instances of chronic duodenal ulcer of long stand- 
ing exhibiting roentgenologically evidence of 
marked hypertrophic gastritis. 

The fate of the gastrojejunocolic fistula has been 
described. Several postoperative gastric analyses 
on this patient showed free hydrochloric acid to 
be absent. Most of the patients have no free 
hydrochloric acid on a fasting stomach or after 
an alcohol test meal. Three patients have no free 
hydrochloric acid even after histamine on repeated 
tests performed several months after the opera- 
tion. The only patient in the group who continues 


1Since this paper was written, 2 additional patients have been 
operated upon by this method. In 1 of these, a young man of 31 years, 
Mr. F. W., U.H. No. 664758, with intractable pain of 3 years’ duration, 
inastomosis was omitted altogether. The left vagus nerve was sectioned 
it the cardia. Despite the narrow gastric tube, the stomach empties 
very rapidly and the patient is achlorhydric, even to histamine. Omis- 
ion of gastrojejunostomy in young persons, to obviate gastrojejunal 
ilcer, is highly desirable. 
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Fig. 18. A, B, and C, Alternative effectual means of re- 
ducing the ability of the stomach to secrete hydrochloric 
acid. In each instance the shaded portion is to be removed. 
It remains yet unsettled as to whether A is a more effectual 
operation than B. 

(A!, B' and C!.) Provision for complete intragastric 
regurgitation of the alkaline ducdenal secretions will suffice 
to augment the effects of reduction of gastric secretory 
capacity. It is to be noted in C' that severance of the upper 
and lower pouches is suggested when provision for com- 
plete regurgitation is made. 

In young patients, who are more prone than the older 
group, to development of gastrojejunal ulcer, a studied 
effort to omit a gastrojejunal anastomosis should be made. 
The writer has the impression that “tissue susceptibility” 
with reference to the site of ulcer formation has to do in 
large measure with the constant bathing of tissue with acid 
at the gastric outlet. High anastomoses, therefore, unless 
the stomach is totally achlorhydric are probably undesir- 
able. Heretofore, the emphasis has been on what is the 
proper segment of the small intestine with which to estab- 
lish the anastomosis. The writer believes that the more 
important issue is what segment of the stomach should be 
employed in the anastomosis. The answer in part is, un- 
doubtedly, that an efferent outlet high upon the stomach 
in the midst of the active acid secreting area is more likely 
to be followed by gastrojejunal ulcer than when the outlet 
is made beyond the confines of this area, unless the stomach 
is achlorhydric. 


to have symptoms is the patient who still has free 
hydrochloric acid on a fasting stomach after 
excision of a gastrojejunal ulcer. In this patient 
excision of the upper fundus beyond the insertion 
of the esophagus was omitted: 
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The pattern of gastric mucosa in resected speci- 
mens removed by the Billroth II and the writer’s 
method for ulcer are quite different as is apparent 
in the contrast afforded by Figures 16, a and b. 
The gastric ruge are most prominent in the cor- 
poric and fundic zones where the parietal cells 
which secrete hydrochloric acid are to be found. 

This somewhat meager experience with sub- 
total excision of the acid secreting area accom- 
panied by gastrojejunostomy for ulcer in a few 
selected cases suggests that this mode of gastric 
resection may have some merit. Whenever exci- 
sion of the ulcer appears in order because of 
hemorrhage or because of the possibility of a 
gastric lesion being malignant, the Billroth II 
plan of operation with removal of the tissue in 
question is, of course, the operation of choice. In 
such procedures, however, it is important to 
excise a good segment of the corporic zone, for 
mere sacrifice of the antrum will not insure effec- 
tive reduction in gastric acidity. Either plan of 
operation may be carried out readily by the aseptic 
technique. Antral specimens exhibit often no 
evidence of rugation. 

The resultant type of gastric pouch, attending 
subtotal excision of the acid secreting area of the 
stomach, is shown in Figure 17. These pouches 
empty satisfactorily and vomiting has not been 
observed. Emptying occurs through both the 
stoma and the pylorus. Because the gastric path- 
way at the lesser curvature is narrowed consider- 
ably, I have routinely performed gastrojejunos- 
tomy to facilitate emptying. Whether such 
stomach would function properly without this new 
stoma, I do not know. Occasionally a patient! 
complains that his gastric capacity is not as great 
as he would desire. The time factor of accom- 
modation eventually adjusts this complaint quite 
adequately. 

Extensive excision of the acid secreting area 
and provision for complete intragastric regurgita- 
tion should suffice to deal with the most intrac- 
table type of ulcer. Alternative methods of 
achieving this objective are illustrated in Figure 
18. Intragastric regurgitation through the ordi- 
nary gastrojejunostomy (including the Billroth II 
type of procedure) is only partial. 

Babkin has pointed out that the fibers of the 
vagus nerves exert greater influence on the (appe- 
tite juice) secretory capacity of the lesser curva- 


‘See preceding footnote. 


ture than on the greater. Division of the fibers of 
the vagus nerves decussating over the gastric 
wall may readily be done in conjunction with the 
procedure described by the writer, if experience 
should suggest that it be done to augment the 
effect of subtotal excision of the acid secreting 


area. 
SUMMARY 


A method of performing aseptic gastric resec- 
tion by the closed method is described—a tech- 
nique adaptable to any portion of the alimentary 
canal where anastomosis is to be done after exci- 
sion of a segment. Subtotal excision of the acid 
secreting area in the stomach accompanied by 
gastrojejunostomy is described as a suitable 
measure for effectual reduction in gastric acidity 


for ulcer. 
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A METHOD OF VALVULAR CHOLECYSTGASTROSTOMY 


ROBERT ZOLLINGER, M.D, F.A.C.S., Boston, Massachusetts 


ECENT advances in the surgery of the 
pancreas have renewed interest in 
cholecystgastrostomy and cholecyst- 
enterostomy. But the wide diversity 

ff opinion which exists both in regard to the 
nethod to be followed and the proper site for 
uch anastomoses implies that none of the com- 
non procedures is entirely satisfactory. The 
stomach has been more widely used for this pur- 
jose because of its mobility and accessibility. 
Although moderately effective as a palliative 
procedure, cholecystgastrostomy has been found 
hy Whipple to result in cholangitis and hepatitis 
when combined with gastro-enterostomy pre- 
liminary to resection of the head of the pancreas. 
As a result of such experiences other sites and 
types of anastomoses have been advocated in an 
effort to avoid ascending biliary infection. 
Following a direct anastomosis of the gall 
bladder to the gastro-intestinal tract, the biliary 
system is no longer protected by the valve mech- 
anism of the sphincter of Oddi. Consequently 
there is an interchange of contents between the 
gall bladder and the gastro-intestinal tract caus- 
ing an infection, usually so mild that it does not 


produce clinical symptoms, or again one of a very 


serious nature. Bernhard has reported barium 
regurgitation into the biliary passages at the 
time of a gastro-intestinal series in as many as 50 
per cent of such patients. This loss of the valve 
protection has been conspicuous in cholecyst- 
gastrostomy, because the strong peristaltic waves 
of the stomach often fill the gall bladder and bile 
ducts with gastric contents. This is highly unde- 
sirable if ascending biliary infection is to be 
avoided, and it is one of the reasons that Lahey 
and MacKinnon have advocated the use of the 
upper jejunum for anastomosis. Whipple has re- 
ported satisfactory results using the Monprofit 
type of direct cholecystjejunostomy by the Y 
method in an attempt to avoid, if possible, the 
direct interchange of contents between the gall 
bladder and the main jejunal stream. On the 
other hand, Brunschwig and others have used a 
long loop of jejunum for the cholecystenterostomy 
combined with an entero-enterostomy. Yet de- 
spite such extensive precautions, ascending biliary 
infection has developed. If, however, an effective 
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valve mechanism could be devised for cholecyst- 
gastrostomy, the major objection to this proce- 
dure would be overcome, and many of the more 
complicated methods of multiple anastomosis 
would be unnecessary. 

Various attempts to produce a valve for 
cholecystgastrostomy have been made. Mason 
sought to develop muscular control between the 
gall bladder and stomach by separating the mus- 
cular wall of the stomach with a hemostat passed 
through an opening near the greater curvature. 
The gall bladder was then pulled into the lumen 
of the stomach through an opening near the lesser 
curvature and was anchored in this position by a 
row of silk stitches. Roeder excised the redundant 
portion of the distended gall bladder saving only 
the amount required to sew around a No. 16 
catheter. A flap of Penrose tubing was fastened 
to the end of the catheter in an effort to counter- 
act back pressure into the gall bladder. The newly 
made tubular structure was then buried for a 
short distance in a tunnel in the anterior gastric 
wall before it entered the lumen of the stomach. 
The catheter was passed out 3 to 9 weeks after 
operation. Mirizzi mobilized the gall bladder 
until a portion of the fundus could be drawn 
within the duodenum and anchored in position. 
Gentile attempted to perform a cholecystgas- 
trostomy based on one of the principles advocated 
by Coffey for transplanting the ureter, which de- 
pends upon the formation of a stoma by the 
sloughing of a transfixing suture between the 
lumen of the gall bladder and the stomach. In 
order to follow this principle a portion of the gall 
bladder was imbedded within the stomach wall 
for a distance by anchoring the seromuscular 
coats over it. No opening developed, but Gentile 
made the interesting observation that the portion 
of the gall bladder within the wall of the stomach 
had shrunken until it resembled a tube. 

In spite of Gentile’s failure it seemed that the 
Coffey principle of oblique implantation to obtain 
a valve action could be applied in cholecystgas- 
trostomy. Moreover, the dilation and elongation 
of the gall bladder which usually follow the ob- 
struction of the common duct from malignant 
disease would facilitate this type of anastomosis. 
In addition, the blood supply coming upward 
from the region of the cystic duct would not be 
destroyed if the gall bladder were detached for a 
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Fig 1. Injected specimen of direct cholecystgastrostomy 
taken 167 days after operation. Note the regurgitation of 
barium from stomach directly into gall bladder and ducts. 


few centimeters from its bed. To test the feasi- 
bility of such a technique as well as the effective- 
ness of a constructed valve in preventing re- 
gurgitation within the biliary tree, a series of 
experiments was conducted on dogs. 


EXPERIMENTS 


Three groups of experiments were performed 
under intravenous nembutal anesthesia with 
sterile technique on average size dogs. Fine silk 
suture material was used throughout. 

In the first or control group 4 direct ana- 
stomoses were made between the gall bladder 
and stomach or duodenum. A sufficient number 
of similar experiments have been reported to in- 
dicate clearly that intestinal contents have been 





Fig. 3. Cholecystduodenostomy, direct anastomosis, 315 
days after operation. Visualization of gall bladder and 
intrahepatic bile ducts with sodium iodide solution. Note 
the dilated intrahepatic bile ducts. 


Fig. 2. Cholecystduodenostomy, direct anastomosis, 31 5 
days after operation. Note regurgitation of barium di 
rectly into the gall bladder. 


found in the gall bladder and that the incidence 
of hepatitis following this operation in dogs may 
range from a low to an extremely high percentage. 
In these 4 control dogs icteric index determina- 
tions taken at irregular intervals were never 
elevated. Moreover, these animals were in good 
health when sacrificed from 103 to 315 days after 
the operation. Following sacrifice the liver, 
biliary passages, stomach, and duodenum were 
immediately removed en bloc. The stomach was 
filled with barium; but since the barium did not 
always pass the pylorus, it was necessary occa- 
sionally to introduce the barium directly into the 
duodenum. In 3 of the 4 specimens the barium 
regurgitated into the gall bladder and major 
ducts (Figs. 1 and 2). Studies of the gall bladder 
and biliary passages were then carried out by the 
injection of concentrated sodium iodide solution, 
which showed definite and usually marked dila- 
tion of not only the extrahepatic but the intra- 
hepatic ducts (Figs. 3 and 4). When the stomach 
and duodenum were moderately inflated with 
air, the air penetrated promptly into the biliary 
passages (Fig. 4). In 3 of these 4 animals hair or 
particles of food were found in the gall bladder 
clearly indicating that the intestinal contents 
had found their way into the biliary passages 
(Figs. 5 and 6). There was a minimal amount of 
microscopic evidence of biliary infection except 
in one experiment of cholecystduodenostomy. 
This animal, sacrificed after 315 days, showed 
fatty metamorphosis of the liver both grossly 
and microscopically with some evidence of 
leucocytic infiltration about the bile ducts. 

The second group of experiments compriscd 
the early attempts at valvular cholecystga;- 
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Fig. 4. Cholecystgastrostomy, direct anastomosis, 167 
days after operation. Note the tremendous dilation of the 
extrahepatic and intrahepatic bile ducts by sodium iodide 
injection. Air injected into the stomach has entered directly 
into the gall bladder. 


trostomy. Ten animals were used and sacrificed 
from 55 to 213 days after operation, the average 
being 151 days. The results were not satisfactory 
in this group as a whole because of stenosis of 
the stoma in over one-half of the experiments. 
This was due to several factors, one being the 
failure to divide the common duct after double 
ligation with silk. In several instances the pat- 
ency of the common duct was re-established, yet 
it is well known that the artificial stoma often 
closes if the common duct obstruction is relieved. 
Probably the most important cause of stenosis, 
however, was pulling the fundus of the gall 
bladder within the lumen of the stomach instead 
of anastomosing it with sutures directly to the 
opening in the mucous membrane (Fig. 7). One 
animal showed mild hepatitis and one very old 
dog a diffuse hepatitis. The remainder gave little 
evidence of biliary infection other than an occa- 
sional leucocyte about the bile ducts. According 
to our one experiment in this group, valvular 
cholecystduodenostomy, in the dog at least, was 
not technically a satisfactory procedure. 

In the third group of experiments the final 
technique of valvular cholecystgastrostomy de- 
scribed in Figures 7 to 17 was carried out in 4 
animals. The common bile duct was doubly 
ligated and divided in each experiment. A cross 
section of the completed procedure to show the 
location of the gall bladder in relation to the 
anterior gastric wall is shown in Figure 7. This 
procedure varied from that used for the previous 
group in that the fundus of the gall bladder was 
directly anastomosed to the gastric mucosa in- 
stead of being anchored within the lumen of the 





A METHOD OF VALVULAR CHOLECYSTGASTROSTOMY 73 





Fig. 5. Photograph of specimen of cholecystduoden- 
ostomy, 315 days after operation. Note the accumulation 
of hair within the gall bladder. 


stomach. The anterior gastric wall was grasped 
at the desired level. Then an enterostomy clamp 
was applied from the greater to the lesser curva- 
ture (Fig. 8), which not only controlled the blood 
supply and prevented spilling of gastric contents 
but held the gastric wall for the subsequent steps 
of the operation. An incision, extending from the 
lesser to the greater curvature, was made through 
the serosal and muscular layers of the stomach 
down to the submucosa. To avoid constriction of 
the gall bladder and interference with its blood 
supply when buried in the gastric wall, a trans- 
verse incision about 3 centimeters long was made 
in the stomach wall near the lesser curvature 
(Fig. 9). Invariably several bleeding points, 
especially those near the lesser curvature, re- 
quired a ligature. The new gall-bladder bed was 
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Fig. 6. Drawing of direct cholecystgastrostomy showing 
hair and particles of food in the gall bladder. Note the 
absence of valvular mechanism permitting the free inter- 
change of contents between the stomach and gall bladder. 
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Figs. 7 to 12. Technical steps in valvular cholecystgastrostomy. 


then prepared by the use of blunt or sharp dissec- 
tion until liberal seromuscular flaps had been 
developed on either side of the incision (Fig. 10). 
Following this the gall bladder was prepared for 
the anastomosis. 

The contents of the gall bladder were aspirated 
(Fig. 11). After traction sutures of silk had been 
placed on each side of the gall bladder, an open- 
ing approximately 1.5 centimeters long was made 
in its fundus (Fig. 12). When the gall bladder was 
not sufficiently elongated to permit its implanta- 
tion for at least 2.5 centimeters, it was detached 
for the desired distance from the liver bed by 
first incising the peritoneum around the fundus 
and down either side and then dissecting within 


the cleavage plane between the gall bladder and 
liver bed. The final steps of the operation were 
facilitated if the lesser curvature was anchored 
early to the under side of the gall bladder (Fig. 
12, A and B). Traction sutures of silk were placed 
in the submucosa near the greater curvature of 
the stomach, and a small portion of gastric 
mucosa was excised between them (Fig. 13). It 
has been proved to our satisfaction that the 
fundus of the gall bladder should be anastomosed 
directly to the mucous membrane of the stomach 
(Fig. 14), since in experiments where the fundus 
projected into the lumen of the stomach for a 
distance, stenosis of the stoma occasionally 
occurred. The anastomosis of the fundus to the 
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Figs. 13 to 17. 





mucous membrane was completed either with a 
continuous suture or with a row of interrupted 
| sutures. Interrupted silk sutures which included 
the seromuscular flaps on each side as well as a 
| small bite of the gall bladder were subsequently 
: taken (Figs. 15 and 16) until the seromuscular 
layer was completely approximated, burying the 
: gall bladder. The value of the transverse incision 
in the seromuscular layer near the lesser curva- 
ture was now apparent, because it prevented 
excessive constriction of the gall bladder as it 
entered the gastric wall (Fig. 17). One row of 
sutures in the seromuscular layer was found to be 
sufficient. 
Other than the one which died from distemper 
n 35 days, the dogs in this group were in good 
1ealth when sacrificed in 272, 273, and 321 days, 
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Technical steps in valvular cholecystgastrostomy. 


respectively, after operation. Immediately after 
sacrifice the liver, biliary passages, stomach, and 
duodenum were removed intact. The stomach 
was filled with barium, but in none of the valvular 
cholecystgastrostomy experiments did barium 
regurgitate into the gall bladder (Fig. 18). A 
cross section drawing made of the 35 day specimen 
illustrates how the valve protection was attained 
(Fig. 19). Visualization of the gall bladder and 
biliary tree by the injection of concentrated 
sodium iodide solution (Fig. 20) showed that the 
intrahepatic ducts were not dilated so much as 
in the non-valvular anastomoses. Cultures of the 
bile at the time of sacrifice showed Bacillus coli 
in all specimens and in addition a non-hemolytic 
streptococcus in one animal. There was no stenosis 
of the stoma, and in none of the specimens did 
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Fig. 18. Valvular cholecystgastrostomy, 272 days after 
operation. Unlike the direct anastomosis illustrated in 
Figures 1 and 2, barium does not regurgitate into the gall 
bladder. 


the gall bladder contain hair or food particles 
(Fig. 21). Microscopic examination showed only 
an occasional leucocyte about the bile ducts. The 
normal structural appearance of the gall-bladder 
wall was retained without evidence of increased 
fibrosis, nor were there signs of infection of the 
gall-bladder wall except for an occasional focal 
area of lymphocytic infiltration. 

The experiments clearly indicated that the 
gall bladder will remain viable when imbedded 
for a distance in the wall of the stomach. Further- 
more, a valve was formed which seemed to pre- 
vent regurgitation of stomach contents into the gall 
bladder and yet permitted satisfactory drainage 
of bile. 

CASE REPORTS 

A valvular cholecystgastrostomy developed 
from the preceding experiments was performed 
in 4 patients with obstruction of the common 
bile duct from carcinoma. 

one Gallbladder 
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Fig. 19. Drawing of a specimen of valvular cholecyst- 
gastrostomy to illustrate how the valve effect is obtained. 


Fig. 20. Valvular cholecystgastrostomy, 321 days after 
operation. Visualization of the intrahepatic bile ducts by 
sodium iodide injection. Note the more normal size of the 
intrahepatic ducts in contrast to Figures 3 and 4. 


Case 1. A female, 65 years of age, was admitted with a 
pre-operative icteric index of 61. At the time of operation 
the head of the pancreas was enlarged and nodular. A 
modified valvular cholecystgastrostomy was done utilizing 
the enormously dilated gall bladder for implantation in 
the gastric wall for a distance of 2 centimeters. The fundus 
of the gall bladder was anchored within the lumen of the 
stomach. This was the only patient in whom the post- 
operative icteric index was elevated, indicating perhaps a 
technical error of too great a constriction of the gall bladder 
in the gastric wall. The icteric index, however, had fallen 
to 43 when she re-entered the hospital on the seventy- 
sixth postoperative day. She was re-admitted because of 
abdominal pain, chills, and fever. Physical examination 
showed an enlarged liver and a tender mass beneath the 
surgical scar. A gastro-intestinal series confirmed the 
presence of a mass behind the antrum of the stomach. 
There was no regurgitation of barium into the gall bladder. 
Despite the elevated icteric index bile was recovered by 
gastric analysis in all specimens. It was the impression 
that this patient may have had cholangitis. This result was 
consistent with the experimental evidence that pulling the 
fundus within the lumen of the stomach was an unsatis- 
factory technique of cholecystgastrostomy. 

CASE 2. A 61 year old, jaundiced woman was admitted 
with an icteric index of 80. At the time of exploration an 
extensive, irregular mass involving the right half of the 
pancreas was found. The elongated, thin-walled gall 
bladder was anastomosed to the stomach according to the 
technique of valvular cholecystgastrostomy illustrated in 
Figures 11 to 17. The entire operation was performed under 
novocain anesthesia. The icteric index of 80 before opera- 
tion fell to 37 within 3 days and remained in the vicinity of 
20 for approximately 40 days after operation. Her course 
was progressively downhill complicated by gastro-intestinal 
bleeding. A gastro-intestinal series on the thirty-fifth post- 
operative day showed what appeared to be a 6 hour residue 
of barium in the gall bladder. The patient died on the 
forty-seventh postoperative day with a probable diagnosis 
of peritonitis from perforation of the neoplasm. There wa: 
no postmortem examination. 

Case 3. A jaundiced female, 63 years of age, was ad 
mitted with a proved diagnosis of an obstructing lesion o 
the sigmoid. Upon exploration an extensive neoplasm 0! 
the sigmoid was found with metastases to the liver an 
glands producing obstruction of the common bile duct. « 
valvular cholecystgastrostomy and a transverse colostom} 
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Fig. 21. Photograph of specimens of valvular cholecystgastrostomy 272, 321, and 
273, Tespectively, days after operation. Note the absence of hair or gastric contents 
in the gall bladder in contrast to Figures 5 and 6. 


were performed as palliative procedures. The icteric index 
dropped from 70 Selene operation to 22 by the thirteenth 
postoperative day. Following a gradual decline, she died 
on the seventy-third postoperative day. 

CasE 4. A 63 year old man was admitted complaining of 
jaundice of 6 weeks’ duration. The icteric index was 147. 
At operation under novocain anesthesia a greatly distended 
gall bladder was found filled with clear, white bile. The 
head of the pancreas was of normal size, slightly nodular, 
and rather firm. Because of the poor general condition of 
the patient further exploration did not appear justifiable. 
\ valvular cholecystgastrostomy was performed. The 
icteric index dropped from 147 before operation to 23 by 
the twenty-second postoperative day. The patient cleared 
of his jaundice returned to work for a year as a gardener. 
He was readmitted to the hospital 15 months later with 
symptoms of pyloric obstruction. A gastro-intestinal series 
showed a large gastric residue at 6 hours. The descending 
portion of the duodenum was irregular and narrowed by 
the tumor. There was no regurgitation within the gall 
bladder. The icteric index was 17. The stools had a normal, 
dark brown color. He was re-operated upon under novo- 
cain anesthesia, and extensive metastasis to the liver was 
found. A posterior gastrojejunostomy was done to relieve 
the duodenal obstruction. He died 82 days later or 18 
months after the valvular cholecystgastrostomy. There 
was no evidence of cholangitis at any time. In spite of the 
duodenal obstruction there was no regurgitation of barium 
nto the biliary passages. 

CASE 5. A 69 year old, colored man was admitted to the 
hospital with jaundice of 5 months’ duration. The icteric 
ndex was 64. There was an enlarged, tender liver and a 
1on-tender mass in the right flank. Under novocain anes- 
thesia a valvular cholecystgastrostomy was performed 
yurying the elongated, distended gall bladder about 3 
entimeters in the anterior gastric wall. The immediate 
ostoperative course was satisfactory. 


These patients proved to our satisfaction that 
valvular cholecystgastrostomy is technically fea- 
sible in patients. In 4 instances the operation 
was performed under local anesthesia by different 
operators. There was no difficulty encountered 
from bleeding in any of the cases. Three of the 
operations were performed with the technique of 
pulling the fundus within the lumen of the 
stomach before the experimental evidence so 
clearly indicated the necessity of anastomosing 
the fundus of the gall bladder directly to the 
mucous membrane of the stomach. Although this 
technique of cholecystgastrostomy may not offer 
advantages in advanced cases of carcinoma, such 
as the first 3 cases reported, it warrants further 
clinical trial if there is a reasonable expectancy 
of prolonged survival or if there is to be a subse- 
quent resection of the neoplasm. 


CONCLUSIONS 


A method of valvular cholecystgastrostomy 
has been devised which experimentally prevents 
gross regurgitation of gastric contents into the 
biliary tree. 

The procedure has been carried out in 5 pa- 
tients and has proved a simple undertaking 
which can be performed under local anesthesia 
in poor risk patients. Only further clinical trial 
will prove or disprove the effectiveness of valvular 
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cholecystgastrostomy in lowering the incidence 
of ascending biliary infection. 
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ENTEROGENOUS CYSTS 


CHARLES F. SAWYER, M.D., F.A.C.S., Chicago, Illinois 


NTEROGENOUS cysts or enterocysto- 
mas are terms applied to congenital 
cysts arising from the gastro-intestinal 
tract. They may occur in any part of 

the tract from the esophagus to the sigmoid but 
are most commonly found in the ileocecal region. 
To the 30 in this area recorded in the literature, 
2 others are added in this report. The first case 
of this kind was reported by Fraenkel in 1882. In 
recent years an increasing number have been 
found and many may have been overlooked. Most 
of those reported have been in infants, but Theis 
reported one in a man 26 years old. Strode and 
Fennel reported a case in which 2 adjacent cysts 
of somewhat different histological structure were 
present in an infant, producing an intestinal ob- 
struction just above the ileocecal valve. Several 
of these cysts have been reported in the duoden- 
um and McLanahan and Stone report 2 cases 
affecting the rectum. 

These cysts are closely related embryologically 
to congenital diverticula. Their origin, when 
occurring in the terminal ileum, is due to a rem- 
nant of the omphalomesenteric duct. While 
Meckel’s diverticulum is the commonest form of 
anomaly due to improper closure of this duct, any 
remnant of this embryological structure may per- 
sist to form a cyst. Such a cyst may be present in 
the wall of the ileum, in the abdominal cavity with 
a fibrous attachment to the ileum or umbilicus, or 
in the abdominal wall itself anterior to the peri- 
toneum with no attachment whatsoever in the 
abdominal cavity. A fully developed cyst may 


occupy any place in the intestinal wall. It may 
be intermuscular, submucosal, or subserosal. 
The latter may occur on the mesenteric or anti- 
mesenteric surface. Sometimes a subserosal cyst 
on the mesenteric border loses its attachment to 
the gut wall and occupies a position between the 
layers of the mesentery more or less removed 
from the parent gut. 

The structure of the cyst wall resembles that of 
the intestinal wall consisting of mucosa, sub- 
mucosa, and muscularis. The epithelium lining 
the cyst is subject to great variations in structure 
and may be stratified columnar, cylindrical, 
atrophic, etc. This is partly due to the intra- 
cystic pressure or inflammatory changes, but of 
greater significance is the embryological consider- 
ation. 

Cases of reduplications of the intestinal tract 
have been reported, in which a variable length of 
bowel, blind at both ends, has existed in close 
proximity to the main gut. Such a so called re- 
duplication of the bowel probably originated from 
a long diverticulum, and may be classified more 
accurately as enterocystoma, being tubular rather 
than globular. 

In cysts of the duodenum the symptoms usually 
occur in infancy with vomiting the outstanding 
symptom and a resemblance to the picture of 
congenital pyloric obstruction. 

The predominance of appendicitis in the pathol- 
ogy of the ileocecal region, with its many mani 
festations and complications, may unconsciousl} 
influence our judgment in evaluating the signs 
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Diagram of Case 1 showing the position and 
relationship of the enterogenous cyst in the cecum before 
the cyst became acutely infected and distended. 


Fig. 1. 


and symptoms of an enterogenous cyst in this 
region and make a correct diagnosis more unlikely. 
Obstruction, infection, or both are the factors 
producing the symptoms. Pressure, tension, or 
distortion, due to the presence of the cyst, may 
produce a variety of signs and symptoms. Inter- 
ference with the circulation, the nerve supply, or 
the lumen of the bowel, may produce certain 
evidence. The clinical picture will vary with the 
part affected and the degree of interference with 
normal function. If only small embarrassment 
results, the cysts may be symptomless and dis- 
covered only at autopsy. If symptoms are pro- 
duced, they are usually manifest early in life and 
are most likely to be those of a partial or complete 
intestinal obstruction. This is usually due to a 
submucosal or intramural cyst that enlarges at 
the expense of the intestinal lumen. They may be 
associated with and be the actual cause of an 
intussusception as in the case reported by Bazin 
and the second case in this report. 

In any event, pain is likely to be the early 
prominent complaint and this is colicky in char- 
acter, may be intermittent, and is usually in the 
right lower quadrant. Because of its close rela- 
tionship with the bowel, the cyst may become 
infected and the clinical course will become cor- 
respondingly more severe. In the case reported 
by Theis there was a small opening in the cyst 
wall allowing communication with the bowel 


Fig. 2. Diagram of Case 1 showing how the distended 
cyst obstructed the ileocecal valve. 


lumen. This allowed drainage of the cyst cavity 
and prevented retention and its consequent 
greater enlargement. 

A palpable tumor mass has been present in 
many of the reported cases. The size, location, 
consistency, and local tenderness will vary greatly 
with the conditions of obstruction and infection 
present. The conditions most likely to be con- 
fused with enterogenous cysts are appendicitis, 
appendiceal abscess, intussusception, and other 
types of intestinal obstruction, abdominal tumors, 
and ovarian cysts. 

These cysts are a surgical problem. While it 
would be ideal to remove only the cyst without 
entering the bowel lumen, its wall is so intimately 
attached to the wall of the bowel that this is 
practically impossible. Resection of the bowel 
and its contained cyst with end-to-end or side-to- 
side anastomosis is the method of choice. This 
is not always possible in duodenal cysts, in which 
removal of the involved bowel would damage 
the common and pancreatic ducts. Here attempts 
have been made to drain the cysts externally but 
they tend to recur. C. E. Gardner devised an 
interesting method of solving such a problem in 
what he calls “internal drainage” of the cyst. 
An incision is made into the cyst without entering 
the duodenal lumen. The cystic content is ex- 
pressed and an anastomosis is made between the 
cyst and a more distal portion of the duodenum 
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Fig. 3. The enterogenous cyst in Case 2 together with 
the removed portion of the ileum, the cecum, and the as- 
cending colon. 


or jejunum, thus instituting continuous drainage 
of the cyst, keeping it collapsed, and preventing 
it from interfering with the lumen. 


Case 1. D. P., referred by Dr. Robert A. Black, was a 
boy of 6 years when he entered Mercy Hospital, April 28, 
1933. His birth had been at full term with normal delivery. 
His babyhood was uneventful. He had had no acute infec- 
tious diseases. His tonsils had been removed. Four weeks 
before admission he had had an acute attack of abdominal 
pain followed by nausea and vomiting and difficulty in 
securing a bowel movement. Since this attack there had 
been persistent and troublesome constipation. Twenty 
hours before admission a similar but more severe attack 
had begun. No cathartic was given but his mother gave 
him enemas without result. The pain and vomiting per- 
sisted and upon admission he appeared extremely ill. 
There was moderate abdominal distention and tenderness 
which extended across the entire lower abdomen and 
slightly higher on the right than the left side. There was 
a suggestion of a mass in this area but the findings were not 
definite. Rectal examination was not informative. The 
temperature was 100.4 degrees and the pulse 130. The 
white blood count was 9,000. There were no significant 
urinary findings. Both acute appendicitis and acute intes- 
tinal obstruction were considered and operation indicated. 

Operation revealed the sigmoid twisted upon its mesen- 
tery to form a volvulus. The mass was incarcerated in the 
pelvis. The obstruction to bowel lumen was complete 
and the circulatory interference extensive as evidenced by 
the edema, the discoloration, the beginning necrosis in the 
involved loop, and the presence of bloody fluid in the pelvis. 
Immediate improvement was noted when the loop was 
brought up out of the pelvis and the volvulus corrected. 








Fig. 4. Same as Figure 3 with cyst opened. 


The appendix was distended and kinked near its base and 
it was removed. At this time it was noted that the cecum 
seemed peculiarly thickened and congested with a dough- 
like feeling, but in the presence of apparently more impor- 
tant pathology, no other attention was paid to it. The boy 
made a good recovery and left the hospital on the twelfth 
postoperative day. During the succeeding summer and 
autumn he appeared in good health. He was unusually 
active and sturdy even for a boy of his years and it was at 
all times difficult to curb his athletic activities. 

On November 3, 1933, approximately 6 months after 
leaving the hospital, in play with other boys on the lawn, 
he was dragged by his feet in a prone position, as he stated, 
“like a sled.” He admitted suffering a slight injury at this 
time and on the following day began to have cramp-like 
abdominal pain. A few hours later nausea and vomiting 
began and persisted, with increasing lower abdominal pain, 
no bowel movements, and slight fever. He was brought to 
the hospital on the morning of November 5. He appeared 
extremely ill. There was more muscle rigidity and greater 
local tenderness, especially in the right lower quadrant, 
but less distention than at the time of his previous hospital] 
admission. Rectal examination ‘was negative. Acute in- 
testinal obstruction was diagnosed and immediate opera- 
tion was advised. At operation it was discovered at once 
that there was no recurrence of the former volvulus. The 
transverse colon was collapsed and the ileum was dis- 
tended. Some adhesions, mostly recent, were found in the 
region of the ileocecal valve; the cecum was enlarged and 
thickened and had the feeling and appearance of an intus 
susception. All attempts at reduction of what was first 
supposed to be intussusception proved ineffectual. A 
longitudinal incision was made through the antimesenteri 
surface of the cecum and a closed sac filled with seropu 
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and without communication with ileum or cecum was 
found. The pus seemed due to a colon bacillus infection. 
The cyst was 10 centimeters in length and 6 centimeters in 
greatest diameter. It occupied and filled the cecum in 
such a manner as completely to obstruct the ileocecal 
valve. The antimesenteric wall of the cecum and the 
wall of the cyst seemed one structure and could not be 
separated. From this point it bulged into the lumen of the 
cecum, there being no attachment of the cyst wall to the 
inner wall of cecum on the mesenteric side. The lining 
mucosa of the cyst seemed like that of the cecum. It being 
impossible to dissect the cyst wall from its cecal attach- 
ment, a resection of the cecum with the cyst and the ileo- 
cecal valve was done. After removal of this V shaped mass 
with the point of V on the mesenteric side, the ascending 
colon and the ileum were sutured together at almost a 
right angle. For decompression purposes, an ileostomy 
was performed 8 inches above the resection and a rubber 
tube was inserted. His convalescence was by no means 
uneventful and the tube in the ileum soon proved its use- 
fulness. There were small natural bowel movements on 
the fifth and ninth postoperative days, and the tube was 
removed from the ileum on the tenth day. The fistula 
healed spontaneously and he left the hospital in good con- 
dition on the twenty-fifth day. He has been in excellent 
physical condition since. In the summer of 1936 he re- 
turned to the hospital for 10 days for repair of the weakened 
abdominal wall. 

The report of the pathologist on the cyst wall which had 
been removed revealed ‘a non-specific suppurative enter- 
itis, lined with a membrana propria and infiltrated with 
polymorphonuclears, fibrin and hemorrhage with some 
destruction of the mucosa.” 


In summary, the interesting aspects presented 
by this case are: (1) Two intestinal obstructions 
of entirely different types occurred inside of a 6 
months’ period. Volvulus is not a very common 
cause of intestinal obstruction. May the presence 
of the enterogenous cyst in the cecum, by causing 
partial obstruction and abnormal influence on 
peristalisis, or in any other manner have been a 
factor in producing the volvulus? (2) The enter- 
ogenous cyst, superinduced by trauma, had be- 
come acutely infected with a colon bacillus infec- 
tion. The closed sac, like an obstructed and 
infected appendix, had become distended by the 
products of infection and had acted as a mechan- 
ical cause of an acute intestinal obstruction. 


CAsE 2 (This case is reported by Dr. Lester R. Drag- 
stedt). W. M., a baby boy of 8 months, was admitted to 
Billings Hospital December 9, 1936. His birth had been 
by normal delivery at full term. His weight at birth was 7 
pounds 6 ounces. He had been artificially fed with an 
evaporated milk formula with added dextra maltose. At 
6 months he had had a left otitis media and the ear drained 
for 3 weeks. The infant was otherwise well until 2 weeks 
before admission when he began to have abdominal pain, 
characterized by drawing up of his legs and crying. He 
vomited a part of his feedings but no fever was noted and 
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the stools were normal. The attack lasted only a day but 
a week later recurred for a single day. Two days before 
admission the vomiting began again and persisted. The 
bowels became constipated and enemas produced a small 
amount of fecal material with no blood noted. Examina- 
tion upon admission showed a well developed and well 
nourished infant who cried intermittently as if in pain. 
The examination was essentially negative except for a 
sausage shaped mass felt in the transverse position above 
the umbilicus. The rectal examination was negative. A 
barium enema showed some obstruction to the barium in 
the transverse colon which gave way under pressure. The 
vomiting continued and 2 days after admission an explora- 
tory laparotomy was done by Dr. Dragstedt. A tumor 
mass was found in the ileocecal region. An intussusception 
was present and was partially reduced. A tensely distended 
oval mass about 4 centimeters in diameter, was palpated 
in the ileocecal region. This mass proved to be a cyst 
within the wall of the ileum, and was removed with 6 
inches of ileum, cecum, and ascending colon. A lateral 
anastomosis between the proximal ileum and transverse 
colon was performed. The child had a rather stormy post- 
operative course, complicated by acute dilatation of the 
stomach. This was relieved by a Wangensteen apparatus. 
The stools became normal one week after operation and 
he made an uneventful recovery, being discharged Decem- 
ber 23, 2 weeks after admission. The final diagnosis was 
(1) enterocystoma of ileum; (2) intussusception, secondary 
to enterocystoma of the ileum. 

The baby continued to do very well for 10 days following 
his discharge from the hospital. He then began to vomit 
his feedings, and after this had persisted for 2 days he was 
returned to the hospital January 4, 1937. He seemed 
moderately ill and was somewhat dehydrated. There was 
no abdominal rigidity but an indefinite mass was felt in the 
right upper quadrant. The rectal examination was 
negative. A barium enema revealed a complete obstruction 
in the proximal transverse colon at the site of the anasto- 
mosis of the colon with the terminal ileum. Operation re- 
vealed an intussusception of the ascending colon into the 
transverse colon, producing the block obstruction between 
distal ileum and transverse colon. This was reduced and 
the end of the ascending colon was sutured to the anterior 
abdominal wall to prevent further intussusception. He had 
a rather uneventful subsequent hospital course. Vomiting 
did not recur, stools again became normal, and he was dis- 
charged 13 days after admission. The final diagnosis was 
acute intussusception. Since his last discharge the child 
has done very well with no recurrence of the vomiting. - 
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CANCER OF THE BREAST 


I. RIDGEWAY TRIMBLE, M.D., Baltimore, Maryland 


HEN a diagnosis, absolute or pre- 

sumptive, of cancer of the breast is 

made the problem arises as to the 

way in which this condition can 
best be treated. The importance of this question 
becomes strikingly apparent when we realize that 
approximately 4o per cent of the total mortality 
from cancer in the female is due to cancer of the 
breast. The first objective of this paper is to 
stress the prevailing conflicting ideas of treatment 
of this condition; the second objective is to em- 
phasize the type of operation necessary for the 
highest percentage of cure; the third is an attempt 
to correlate with the operation the best method 
of radiation. 

Should patients suffering from this condition be 
subjected to a mutilating operation? Should they 
receive radio-active therapy before or after opera- 
tion? Should this therapy include sterilization? 
The large clinics as well as individual surgeons 
have given diverse answers to these questions. 
Excerpts follow from personal communications 
on this subject received from the heads of some 
of the more important clinics in this country. 

The chief of one clinic replies to our questions 

as follows: 
“We feel that pre-operative x-ray is not indicated in the 
majority of cases because it prolongs the time in which the 
patient must endure the thought of operation, makes the 
operative procedure more difficult, and has not proved 
itself to be of sufficient value to warrant the delay. We do 
use postoperative x-ray very consistently, particularly in 
Grades III and IV, although Dr.———’s report of a large 
series of cases is not too encouraging. The suggestion from 
Herrell’s work that deep x-ray treatment with the idea of 
stopping ovarian function in women with carcinoma of the 
breast, who are still menstruating, seemed to be of suffi- 
cient importance to warrant selecting a few patients in 
their late thirties and early forties for this study. How- 
ever, the data that have accumulated to date are so meager 
that the radiologists are not willing to commit themselves. 
They do say, however, that they are not particularly en- 
thusiastic as their experience so far has shown very little 
difference in reaction of the two groups.” 

Reply No. 2: 

“When we last went over our cases of carcinoma of the 
breast we found that the pre-operative x-ray treatment 
seemed to offer a better percentage of possibilities for cure 
than the postoperative treatment of these tumors. We 
employ the pre-operative treatment much more than we 
do the postoperative. In pre-operative treatment we find 
a little difficulty in controlling the patient and in keeping 
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up her morale during the wait after irradiation is com 
pleted and until the operation takes place. However, we 
are strongly in favor of the complete operation without 
any compromise after this pre-operative irradiation, as we 
found so often that the glands show involvement and if the 
breast alone is removed we are leaving behind tumor tissue 
in the axilla. We do not follow postoperative irradiation as 
a routine, but save it for metastases if they appear, and 
use the treatment then. We do not make a routine practice 
of sterilizing the patient after operation. We have done 
this in a few cases but only after careful consultation and 
when there was a very definite indication for this pro- 
cedure.” 

Reply No. 3: 

“We do treat all of our radical mastectomies with post- 
operative deep therapy, giving at present 2,400 roentgen 
units to 3 areas, that is the axilla, breast area, and supra 
clavicular area. We are also carrying out x-ray castration. 
We have no statistics to prove that it would be a benefit, 
yet we have a very definite opinion that it is the thing to 
do and that it is extremely helpful.” 

Reply No. 4: 

“Tn regard to your first question, we have been em- 
ploying deep x-ray therapy postoperatively as an almost 
routine measure for the past 10 years and more. Statis- 
tically we are thus far unable to show any increase in 5 
year cures among those who did and those who did not 
have x-ray treatment. However, our experience is in line 
with work that has been published indicating that in 
patients who had had radical operations and in whom 
axillary gland involvement was found and who ultimately 
died of cancer, a slightly longer span of life was reported 
by x-ray treatment. We try to give the x-ray treatment as 
soon as the wound has healed. In a very few cases we have 
given x-ray before operation. These patients have been 
young women and thus far our end-results have been no 
better than with operation first and x-ray afterwards. In 
other words, neither procedure served to stave off the 
appearance of recurrent metastases more than 6 months. 
In regard to your second question, the answer is much the 
same as the matter of pre-operative x-ray. We have per- 
formed sterilization within the past year in 2 young women 
with breast cancer shortly after their radical operations. 
Neither patient survived operation 6 months and both 
died with extensive metastases. So few trials, however, 
prove nothing and we intend to continue sterilization of 
suitable patients.” 

Reply No. 5: 

“You ask about my ideas on the treatment of carcinoma 
of the breast. I presume that there is no other field of 
surgical therapy about which I have less decision of mind 
than this. I have thought a great deal about it and have 
tried to glean what I could from the opinions of others for 
the past few years, but I still do not know the answer. 
One difficulty is that statistics here are so variable, largely 
due to the constantly changing methods used by radiolo- 
gists, and we have no statistics of value on any one type 
of therapy, as the machines and the ideas of the radiolo- 
gists have changed from year to year. We are carrying out 
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the following plan during this present year: Patients with 
small tumors and without axillary metastases in whom the 
diagnosis is doubtful, are operated upon, cautery biopsy 
carried out, and if the results are positive, we do the 
radical operation. The radical operation is also carried 
jut on those with small cancers without axillary metastases 
in whom the diagnosis can be made clinically. This group 
is given x-ray therapy as soon as the wound will permit. 
There is a second group consisting of those who come in 
with far advanced or definitely established carcinoma of 
the breast with obvious axillary metastases, to which we 
are giving x-ray therapy prior to operation. Following the 
disappearance of the reaction, they are then subjected to 
the radical operation. All patients who are still menstruat- 
ing are sterilized with x-ray. Patients who have distant 
metastases and do not fall in the operable class are treated 
only by x-ray. There seems to be no particular rhyme or 
reason to this procedure but we hope by following it con- 
sistently we may get some statistics that may be helpful 
to us in the future. I am sorry I cannot be more positive 
in my_ reply but frankly, I do not know of what value 
x-ray is in the treatment of carcinoma of the breast nor 
do I have any opinion concerning the type of therapy that 
should be carried out.” 

Reply No. 6: 

“My own feeling is that moderate pre-operative radia- 
tion will increase the number of permanent cures. I think 
the way this works is by devitalizing, more or less, the 
carcinoma in the operative field. Then probably at the 
time of operation, carcinoma will be present in the glands, 
but very few cells will be in the process of migration and, 
therefore, there will be less probability of seeding through 
the operative wound. [I still hold to the idea that carcinoma 
which has extended beyond the actual limits of the opera- 
tive field cannot be cured. Now, as to postoperative radia- 
tion, I am not so keen about it because if pre-operative 
radiation has already been given, to continue will increase 
the likelihood of edema. I also feel that it will take just 
as much radiation to kill any cell, no matter how small 
the group, as it did before operation. As to sterilization of 
these patients, I have not done so, and there seems to be 
little tendency to sterilize in this community. My own 
feeling is that it is somewhat comparable to small doses of 
x-ray, that it is possibly an aid, but I don’t believe it will 
kill a single carcinoma cell. For palliative use, it might be 
advisable, but I have had no experience with it.” 

Reply No. 7: 

“Personally, I have never been able to develop any 
enthusiasm for x-ray treatment of these cases and I have 
not enough cases to give statistics. My idea is this: If I 
see a perfectly definite carcinoma of the breast without 
evident glandular involvement, I believe in an immediate 
and most radical operation possible. If during the course 
of this operation we find any involved glands, I believe in 
postoperative x-ray treatment. Whether this does any 
good or not, I have never quite been able to make up my 
mind. In cases on the borderline as to operability with 
possible involved glands in the axilla, I believe very 
thoroughly in pre-operative x-ray treatment, a thorough 
course with radical operation in about 6 weeks. I have 
never resorted to sterilization of patients who are still 
menstruating although from the reports of improvement 
after x-ray treatment of the ovaries in the case of bone 
metastasis, I believe it might be a good thing at all times. 
In regard to the inoperable cases, I think all our ideas are 
the same, that x-ray treatment offers a chance of palliation. 
Personally, I have never seen a cure from x-ray treatment 
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alone. I know that x-ray men claim this, but I have never 
seen the cases presented. I still feel that the most thorough 
radical operation that can be done at the earliest possible 
moment is the best treatment. When you can call a case 
cured I do not know, as you know Dr. Finney has had a 
case recur in the wound after 24 years, and I have had one 
after 20 years. 

Reply No. 8: 

“(1) If the breast contains all the carcinoma present, 
in other words, if the nodes in the axilla are negative for 
cancer, then a radical amputation, including both pectoral 
muscles and the axillary contents, is employed and post- 
radiation is not done. (2) If the nodes in the axilla are 
positive, even one node positive, then the patient is thor- 
oughly radiated after the operation, about 2,400 units 
being given in the supraclavicular space and over the chest 
wall and axilla in equal doses of about 800 units each. The 
dosage of 800 is placed in these three areas, although 
it may be distributed over 10 days’ or 2 weeks’ period of 
treatment depending on the patient’s reaction to radiation. 
(3) If I have reason to suppose that it is inoperable, that 
is, if judged by supraclavicular nodes that are already 
present, fixation of the tissues of the axilla or definite 
metastatic nodules that can be seen in the x-ray films, 
then, no operation is done and the patient is treated by 
radiation only. 

“T do not employ x-ray therapy pre-operatively under 
any circumstances, except when a patient that has been 
considered inoperable has responded well to radiation with 
the disappearance of previously fixed tissues; then 8 weeks 
after the last radiation, a radical operation may be em- 
ployed. This is a rare opportunity and not often met. All 
patients with cancer of the breast who have not reached 
the menopause we do sterilize, or at least ablate ovarian 
function by x-ray therapy. I am not sure but what we 
may change our views on this point as ———, apparently, 
is bringing out in a series of studies that there is no evi- 
dence that this really makes any difference to the ultimate 
cure of the patient. However, we shall continue to do it 
until his figures convince us otherwise.” 

Reply No. 9: 

“We try to use both pre- and postoperative irradiation, 
as well as the implantation of radium under the flaps at 
the time of operation. Since 1930 we have been sterilizing 
by irradiation the patients below the menopause. During 
the past 2 or 3 years we have also been irradiating the 
pelvis of patients beyond the menopause. This latter pro- 
cedure is probably due to the fact that we had one case 
with metastases in the pelvis who had an ulcerating in- 
operable carcinoma of the breast and the patient was past 
menopause. We irradiated the bone metastases in the pelvis 
with the hope of relieving the pain of the metastases. 
Much to our surprise the growth in the breast receded and 
improved wonderfully, in fact, it practically disappeared. 
However, the patient died of malignancy, and I do not 
think for one moment that the irradiation of the pelvis 
prolonged her life. As you probably know, other men have 
had somewhat the same experience. 

“T am afraid I have reached the point where we use 
irradiation because if it can be done sensibly it will do no 
harm and might do some good. I am sure of one thing, 
and that is unless irradiation is done properly it will do a 
lot of harm. I am also confident that unless the surgeon 
watches himself mighty closely he will not do as thorough 
a Halsted operation as he should do. Another reason for 
sterilizing the younger group of women is to prevent future 
pregnancy, for it has been our observation that lactation 
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in a remaining breast in a patient who has already shown 
a tendency to develop malignancy is dangerous.” 

Many variable factors are responsible for this 
difference of opinion, among which are the length 
of time the tumor has been present, the activity 
of the mammary gland, the degree of outlying 
involvement, the microscopic interpretation of 
borderline tumors, the type of cancer in individual 
cases, selection of cases for operation, operative 
technique, and x-ray technique. 

Most important of these factors is the time that 
has elapsed since the appearance of the tumor, a 
good prognosis being in inverse proportion to the 
length of time the tumor has been present. Pri- 
vate patients because of their greater intelligence, 
education, and better economic status will present 
themselves for examination sooner than those 
admitted to the public wards. Statistics relating 
mainly to private patients will, therefore, show 
better results. In the second place, the activity 
of the mammary gland in each patient must be 
considered; the cancerous growth proceeds more 
rapidly in a young woman than in an older one, 
and pregnancy and lactation likewise hasten the 
extension and dissemination of the growth. 

The third factor of immense prognostic value 
is the degree of outlying involvement about the 
original growth. Cancer of the breast metasta- 
sizes early and spreads widely. Surgeons no 
longer need proof that the slightest delay is dan- 
gerous. It has been our own experience that of 
the patients who come under observation with 
cancer of the breast only 20 per cent are free from 
metastases that can be demonstrated either 
grossly, by x-ray examination, or by microscopic 
examination of the tissues following operation. 
It is doubtful whether much change in the ulti- 
mate result has occurred since 1907 when Halsted 
wrote (5), “Other things being equal the prog- 
nosis is quite good in the early stage of breast 
cancer, two in three being cured; and bad, three 
in four succumbing, when the axillary glands are 
demonstrably involved.” 

In spite of admirable work on the subject, 
classification of the degree of malignancy of a 
cancer according to the appearance of the indi- 
vidual cell is unreliable. It is, however, a well 
established fact that certain cancers of the breast 
vary in their degree of malignancy according to 
the alinement and distribution of the invading 
cells. An excellent pathological classification of 
cancer of the breast is given by MacCallum: (1) 
tumors of stratified epithelium; (2) tumors de- 
rived from the cells of the acini of the gland; (3) 
tumors derived from the ducts and their branches; 
and (4) colloid tumors. 


The tumors of stratified epithelium may begin 
as an eczema-like alteration of the nipple and 
adjacent skin (Paget’s disease), or they may arise 
in the substance of the breast but are, neverthe- 
less, composed of squamous epithelium. Very fre- 
quently a tumor which is composed of these same 
squamous epithelial cells may be palpated deep 
in the breast in a patient who shows such an ulcer- 
ation about the nipple. These changes in the 
breast are malignant and demand a radical opera 
tion. 

The tumors derived from the cells of the acini 
of the gland are the most frequent and the most 
malignant. They may be made up of abundant, 
soft masses of cuboidal cells, with relatively little 
stroma, so that soft, cellular masses are formed 
(medullary cancer), or they may be composed oi 
a relatively greater amount of stroma and com- 
paratively few cells to form a dense, scar-like, 
fibrous mass (scirrhous cancer). This latter type 
grows and metastasizes much more slowly than 
does the softer form, so that such a tumor may 
exist for years; nevertheless, this tumor is the 
most tenacious and such cases have the poorest 
ultimate prognosis. 

It is true also that in cancer elsewhere, as in 
cancer of the stomach or colon, the large fun- 
gating growths, wicked in appearance, may be 
cured more often than the small scirrhous ones 
that seem more readily resectable. Having heard 
a quotation in this connection attributed to one 
of the Doctors Mayo, I wrote to their clinic in 
Rochester, Minnesota, and was rewarded by the 
following courteous note from Dr. W. J. Mayo: 

“Your letter of November 22, 1938, has been referred 
to me for answer. The statement about which you inquire, 
‘It is easier to cure a cancer that is coming towards you 
than a cancer that is going away from you,’ was made to 
me many years ago by my father, Dr. William Worrall 
Mayo, when as a boy I was accompanying him on his pro- 
fessional visits. In other words, he believed that metastatic 
growths often develop in unexpected situations remote 
from a scirrhous carcinoma. My father made the comment 
in relation to the case of a lady whom we knew very well, 
who had a fungating carcinoma of the cervix with foul 
discharge and bleeding. This was in the days before radium 
and x-ray. The patient was in poor condition and father 
used the actual cautery, the old-fashioned soldering iron, 
very effectively and the patient remained well; since she 
was an acquaintance, I was able to follow the case closely 
for a number of years. It is interesting to my brother and 
me that after many years this statement of our father’s 
should come back to us.” 


Tumors derived from the ducts and their 
branches are more like the cylindrical cell cancers 
or adenocarcinomas common elsewhere, in the 
stomach, the gall bladder, the bile ducts, the 
large intestine, the body of the uterus, the pros- 
tate, and the bronchial mucosa. They are com- 
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posed of tubular epithelial structures that are 
often associated with cysts. Another type, which 
has a relatively good prognosis, shows canals 
lined with many rows of irregular cells. These 
were called adenocarcinomas by Halsted, and 
have also been referred to as comedo carcinomas, 
since masses of cells may be expressed like the 
material from a comedo or black-head in the skin. 
Colloid tumors arise from the epithelium of the 
icini but present, as MacCallum describes, an 
extraordinary gelatinous metamorphosis of the 
stroma. They are uncommon, metastasize rarely, 
grow slowly, and are relatively benign. 

One pathologist after examining a microscopic 
section of the breast which shows only a few epi- 
thelial cells escaping into the stroma or filling a 
small duct will call the tumor benign, a papilloma, 
chronic cystic mastitis, or adenosis; another pa- 
thologist will interpret the same tumor as a can- 
cer. As a consequence, a higher percentage of 
cures in the operative treatment of cancer will 
appear in the statistics of the investigator who 
classified the tumor as malignant than in the 
statistics of the investigator who considered such 
a tumor to be benign. 

One surgeon may refuse to operate in any but 
the most favorable type of case. Naturally his 
percentage of cures will be higher than those of a 
surgeon who will operate even when the condi- 
tion is far advanced. The record following opera- 
tion, in terms of a permanent cure or even a 5 
year cure, is not a bright one. Nevertheless, 
patients who have an obviously malignant mam- 
mary growth and hard, palpable glands in the 
axilla are not infrequently completely cured by 
our present operative attack. Sowers, in 1905, 
subjected to operation a patient of 66 years who 
had a large tumor of long duration in her left 
breast which had ulcerated through the overlying 
skin (10). There were regional metastases to the 
left axilla and neck. A radical Halsted mastectomy 
with an Ollier-Thiersch graft operation was per- 
formed, requiring over 4 hours for its completion. 
Not only was a very large area of skin removed, 
but the chest wall, left axilla, and left supra- 
clavicular regions were meticulously denuded of 
all tissue. The patient was living and well in 
June, 1931, at the age of 93. Examination of the 
specimen removed showed the tumor to be a 
large infiltrating scirrhous carcinoma which in- 
vaded not only the overlying skin and subcu- 
taneous tissue but also the underlying pectoral 
fascia and muscle. These patients afford the en- 
couragement that stimulates one to perfect his 
present strategy and seek new methods to attack 
the problem more successfully. 
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We do not wish to imply that every patient 
who suffers from cancer of the breast should be 
subjected to a radical operation regardless of the 
extent of the lesion. Those who show distant 
metastases, deep fixation of the cancerous process 
to the chest wall, or extensive involvement of the 
supraclavicular area are obviously not subjects 
for radical resection. However, many cases that 
at first appear inoperable will on more careful 
examination be found to be operable; another 
group of patients in an advanced stage will be so 
improved by pre-operative radiation that radical 
resection is indicated. Unless, therefore, every 
possibility of cure seems to have departed, the 
patient should be given the chance offered by 
operation. 

It must be borne in mind that the so called 
radical operation varies greatly in its complete- 
ness and therefore effectiveness according to the 
individual operator. This fact causes a difference 
in the reports of the ultimate operative results. A 
carefully performed, completely clean dissection 
—with the purpose not to leave behind a single 
cancer cell—is requisite and necessary for cure. 
Nevertheless, it is rarely properly accomplished. 
Fortunately, patients may be subjected to this 
operation, which may last several hours, without 
severe shock, so that there is adequate time for 
its performance. The avoidance of contamination 
with cancer cells, the absolute control of hemor- 
rhage, and the complete dissection are discussed 
in the description of the operation. 

The effect of treatment with irradiation, either 
pre-operatively or postoperatively, cannot be 
evaluated from reports in the literature unless 
standardized doses have been used and unless a 
large number of patients have been subjected to 
an identical therapy. The literature on this sub- 
ject, in most instances, employs the term “x-ray 
treatment” so loosely and the patients have been 
treated so dissimilarly that a just appraisal of 
this method cannot be made. It is a well estab- 
lished fact, however, that radiation shows certain 
definite effects when employed against cancer of 
the breast. It will shrink the original growth; 
sometimes the reduction is so great that the 
primary tumor cannot be recognized. Likewise, 
radiation will shrink metastatic lymph nodes, and 
even the metastases in bone will be reduced and 
the accompanying pain greatly alleviated. Meta- 
static skin involvement can be controlled almost 
completely by its use. 

To date many series of patients have been 
studied who were subjected to the radical opera- 
tion followed by postoperative radiation. The 
effect of this radiation, taken as a whole, has 
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proved disappointing. Many believe that this 
therapy given after operation will at best prolong 
the life span only 6 months. 

The pendulum has swung toward pre-operative 
radiation in an attempt to improve the percentage 
of cures. The usual pre-operative therapy is gen- 
erally inadequate. According to E. B. Kelly, the 
treatment should be carried out as if it alone 
were expected to cure the cancer. This will neces- 
sitate the production of erythema, even blistering 
of the skin, before sufficient radiation reaches the 
deeper structures. This effect is obtained by ‘‘the 
combination of cross firing by x-ray and subse- 
quent (or concomitant) implantation with radium 
or radium needles. In some cases the primary 
tumor disappears, as far as palpation goes, by 
x-ray cross firing alone, but in a great many it 
does not, and these particularly should have the 
implantation as well as cross firing. If moderate 
radiation is of any value, we must conclude that 
very thorough radiation is of even more value, 
but of course overdoing it would interfere with 
the subsequent operation. One must strike the 
balance at exactly the right point. . . . The ribs 
and overlying tissues must not be damaged be- 
yond their ability to recover.’’ The purpose of 
this treatment is to inactivate the growth as 
much as possible and block off the avenues along 
which the cancer cells may spread. A type of 
cancer in which pre-operative radiation is cer- 
tainly indicated is that in which there is much 
skin involvement, as in “erysipeloid carcinoma.”’ 
Here the rich lymphatic anastomoses in the 
derma are so involved that a recurrence of the 
growth is likely to appear in the skin soon after 
operation unless radiation is given pre-opera- 
tively. 

There are several inconveniences and disad- 
vantages in pre-operative radiation. In the first 
place, many times a positive diagnosis of cancer 
cannot be made until the tumor is removed at 
operation. In the second place, the patient often 
will be unwilling to endure the delay in the re- 
moval of the cancer while waiting during the 
several weeks of the radiation treatment. The 
diminution in size or the disappearance of the 
tumor following radiation may lull the patient 
into a sense of false security so that she will de- 
cide against operative removal. Radiation is also 
said to cause scarring of the axillary tissues that 
renders the operative dissection more difficult. 
We have not found this to be the case. 

In spite of the arguments that may be advanced 
against pre-operative radiation, nevertheless, it is 
a weapon which has undeniable power. Although 
the properly executed radical operation is still our 


most effective method of attack, this operative 
method alone, while it can reduce local recurrences 
to a minimum, has not prevented in patients, 
whose axillary glands are involved before opera- 
tion, a distressing number of deaths from distant 
metastases. It is also true that postoperative 
radiation has not materially improved the per- 
centage of cure. Radiation will, as we have said, 
cause extreme shrinking in the original growth in 
the breast and the involved axillary nodes. Our 
pre-operative procedure, therefore, is to inactivate 
the process as much as possible and to seal off the 
avenues of escape. At the present time, with all 
patients who have a growth in the breast which 
appears so obviously to be cancer that no pre- 
liminary local removal for examination is neces- 
sary, we are first subjecting them to thorough 
pre-operative radiation, then performing the 
radical operation as described, and following this 
up with postoperative radiation. Microscopic 
examination of a breast removed after pre-opera- 
tive radiation shows complete destruction or dis- 
integration of the cancer cells, shrinking of the 
remaining nuclei, and almost total absence of 
mitotic figures. 

Should radiotherapy include castration or 
temporary ablation of ovarian function? This is 
a moot point. The chief arguments advanced in 
favor of such a procedure are that cancer of the 
breast seems to pursue a more rapid course in 
the younger woman, that pregnancy occurring 
after an operative removal of a carcinomatous 
breast increases the possibility and speed of a 
recurrence, that radiation of the ovaries in the 
presence of metastases will often decrease the 
size of the metastases, and that experimentally 
an increase in the incidence of carcinoma of the 
breast may be produced in mice by the injection 
of large quantities of the follicular hormone, 
estrin. The argument advanced against ovarian 
radiation in the young woman is that the dis- 
agreeable menopausal syndrome is induced. 


OPERATIVE CONSIDERATIONS 


The story of the development of the present 
operation for radical removal of a cancer of the 
breast tells of the hopeless attitude shared by 
layman and doctor toward this condition until as 
recently as 45 years ago. In 1894, Halsted wrote 
(4): “Most of us have heard our teachers in sur- 
gery admit that they have never cured a case oi! 
cancer of the breast. The younger Gross did not 
save one case in his first hundred. Hayes Agnew 
stated in a lecture a very short time before his 
death that he operated on breast cancers solel) 
for the moral effect on his patients, that he be- 
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lieved the operation shortened rather than pro- 
longed life. H. B. Sands once said to me that he 
could not boast of having cured more than a 
single case, and in this case a microscopical exam- 
ination of the tumor had not been made.” 

In all ages, however, occasional cures of breast 
cancer have been observed by reliable surgeons. 
ncouraged by these rare but positive cures, a 
school of surgeons headed by Volkmann devoted 
many years to this problem, and Volkmann’s con- 
tribution in 1875 marked the beginning of a great 
advance. He was the first operator to advise re- 
moval of more than the breast itself when he 
stressed routine stripping of the fascia from the 
pectoralis major muscle ‘“‘as for a classroom dis- 
section.” 


“T make it a rule,” Volkmann said, “never to do a par- 
tial amputation for cancer of the breast, but remove the 
entire breast even for the smallest tumors, and at the same 
time I take away a liberal piece of skin. The skin defect is, 
of course, very great when one operates in this manner, 
and the wound in consequence requires a long time for 
healing. Furthermore, in making the lower incision I cut 
right down to the pectoralis muscle and clean its fibres as 
{ would for a classroom dissection, carrying the knife 
parallel with the muscular fasciculi and penetrating into 
their interstices. The fascia of the muscle is, accordingly, 
entirely removed. I was led to adopt this procedure be- 
cause, on microscopic examination, I repeatedly found 
when I had not expected it that the fascia was already 
carcinomatous, whereas the muscle was certainly not in- 
volved. In such cases a thick layer of apparently healthy 
fat separated the carcinoma from the pectoral muscle and 
yet the cancerous growth, in places demonstrable only 
with the microscope, had shot its roots along the fibrous 
septa down between the fat lobules and had reached and 
spread itself out in flat islands in the fascia. It seems to 
me, therefore, that the fascia serves for a time as a barrier 
and is able to bring to a halt the spreading growth of the 
carcinoma.” 


Kuester, in 1883, agreed with the teaching of 
Volkmann that the fascia pectoralis should be 
removed with the breast. His assistant at Mar- 
burg, named Heidenhain, proposed cutting away 
the superficial fibers of the pectoralis major 
muscle. With reference to involvement of the fat 
which separates the breast from the pectoral 
muscle he said: 


“T am firmly convinced from what I have seen that 
carcinomata when they have actually made their way 
into the lymphatic channels, and such is usually the case, 
have invariably sent their outposts (Vorposten) at once 
to the surface of the muscle, no matter what the thickness 
of the layer of fat between the breast and muscle may 
have been; in other words, that a tumor, however freely 
movable on the underlying parts, has almost certainly ad- 
vanced as far as the surface of the muscle.” 


Koenig, in 1885, in the fourth edition of his 
Surgery, said: “When the fascia over the pec- 
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toralis muscle is diseased it (the fascia) must be 
removed.” 

Although Volkmann and Guessenbauer were 
the first to suggest exploration of the axilla in 
every case, Kuester was the first to recommend 
the systematic cleaning out of the axilla. Never- 
theless, the operation even though improved was 
an imperfect one because it permitted the fre- 
quent division of tissues which are cancerous and 
did not give the diseased area sufficiently wide 
berth. 

Halsted, as early as 1882, began not only to 
clean out the axilla in all cases of cancer of the 
breast but also to excise in almost every case the 
pectoralis major muscle, or at least a generous 
piece of it, and to give the tumor on all sides an 
extremely wide berth. He believed it was im- 
possible to determine with the naked eye whether 
or not the disease had extended into the pec- 
toralis muscle, and from careful microscopic 
examination of many very small cancers of the 
breast he was convinced that at the time of opera- 
tion the pectoralis major muscle is usually in- 
volved in the new-growth. Up to that time no 
authority had suggested the advisability of 
always removing the pectoralis muscle or a 
portion of it in operation for the cure of cancer 
of the breast. In 1891 (3) his first description of 
his complete operation for this condition appeared 
in print. In 1894 (4) he published the results of 
the first 50 cases operated on by the complete 
method. He stated at that time: 


“The pectoralis major, entire or all except its clavicular 
portion, should be excised in every case of cancer of the 
breast, because the operator is enabled thereby to remove 
in one piece all of the suspected tissues. The suspected 
tissues should be removed in one piece (1) lest the wound 
become infected by the division of tissues invaded by the 
disease or the lymphatic vessels containing cancer cells, 
and (2) because shreds or pieces of cancerous tissue might 
readily be overlooked in a piece-meal extirpation.” 


In 1894, Willy Meyer had independently come 
to the conclusion that the pectoralis major muscle 
should be removed at these operations, and he 
advocated taking the pectoralis minor also. 
Finally, Handley, in 1905, advised that the 
upper portion of the sheath of both recti muscles 
be included in the resection. All these funda- 
mental steps are now included in the operation 
that is to be described. 

No claim of originality is made for the following 
operation. The conception and the technical de- 
tails are in principle those defined by Halsted in 
1894. Unfortunately for many people, doctors 
as well as laymen, the radical breast operation 
means merely the removal of the breast, the 
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pectoral muscles, and the axillary glands. Great 
disappointment is experienced when the results 
of this procedure are not attended with the 
success expected. The reason for this is that, 
although the surgeon’s strategy in attacking the 
problem may have been excellently worked out 
in advance, the correct tactics on the field of 
operation were not employed. It is the attention 
to fine detail at operation that will make the 
difference between success and failure, in other 
words, the application of fundamental surgical 
principles, namely, (1) absolute asepsis; (2) com- 
plete control of hemorrhage; (3) sharp, fine, en- 
tirely thorough dissection; and (4) gentle handling 
of tissues. 

To facilitate this care in operative detail silk 
offers many advantages over catgut as a suture 
material. It.is interesting to observe in the litera- 
ture articles appearing with increasing frequency 
by surgeons who use catgut advocating the em- 
ployment of catgut of smaller and smaller caliber, 
indicating the trend toward a finer medium. In 
the first place, silk is a finer, more delicate medium 
with which to work and achieves more skillful, 
accurate results. After operating with silk and 
then employing catgut one has the sensation 
which he supposes must be that of a taxidermist 
in stuffing a tiger. Tissues can be tied with much 
force by catgut but dexterity and care must be 
taken with silk. This latter point is emphasized 
by the fact that silk is almost universally em- 


ployed in operations where delicate technique is 
indispensable as on the brain, and in nerve and 
tendon suture. 


THE TECHNIQUE OF THE RADICAL BREAST 
AMPUTATION 


1. Much has been written about the operative 
incision for a radical mastectomy, and numerous 
designs have been contrived that will facilitate 
the primary closure of the wound. Many times 
these are not adequate and hinder thorough 
eradication of the growth or lead to contracture 
of the axillary fold, so that there is much truth 
in Follis’ remark that the initial incision should 
be made by one person and the closure of the 
wound by another. In practically all cases an 
elliptical incision, as illustrated in Figure 1, is the 
most satisfactory one; it permits a wide margin 
of safety about the growth, gives the wide expo- 
sure necessary for dissection, and affords a closure 
that shelters the axillary vessels and allows free 
motion in the axilla following operation. This 
initial incision, which includes the entire thick- 
ness of the skin, commences on the medial surface 
of the humerus, at the distal end of the insertion 


of the pectoralis major muscle, extends along the 
posterior surface of the edge of the anterior 
axillary fold which is formed by the pectoralis 
major muscle, forms a circle to surround the 
growth widely, rejoins and is continued down 
past the costal margin near the midline to allow 
excision of the upper portion of the recti sheaths. 

2. The peripheral edges of this incision in the 
skin are now dissected free of all subcutaneous 
fat so that a lateral and a medial skin flap are 
formed which show only a clean undersurface of 
derma for a distance of approximately 6 centi- 
meters from each edge. 

3. The cephalic vein is isolated as it runs up 
from the anterior surface of the humerus over the 
shoulder, marking the division between the fibers 
of the pectoralis major and deltoid muscles. 

4. After the fibers of the pectoralis major 
muscle are traced to the point of insertion on the 
humerus they are cut through at this point. 

5. A complete deeper circle of incision is now 
made about the exposed wound which cuts 
through all the muscles involved. This incision 
first cuts the fibers of the pectoralis major muscle 
as they arise along the clavicle, and proceeds 
from the lateral to the medial end of the clavicle. 

6. This same muscular incision is continued 
down over the sternum and cuts away the pec- 
toralis major muscle fibers completely as they 
arise from the sternum. The only arteries of any 
size encountered in this muscular incision are met 
with in the region of the second, third, and fourth 
costocartilaginous junctions where arteries, which 
run to the pectoralis major muscle, penetrate 
from the internal mammary artery. 

7. The cut pectoralis major muscle is retracted 
laterally and inferiorly, its costal fibers being cut 
cleanly away from the ribs as they arise. Care 
must be taken not to include the origins of the 
serratus anterior muscle. 

8. The inferior end of this muscular incision 
includes about 6 centimeters of the upper portion 
of the anterior sheath of both recti muscles and 
the overlying subcutaneous tissue. 

g. Attention is now directed to the axilla, which 
is exposed by first cutting away the entire pec- 
toralis minor muscle. Change is now made to an 
entirely fresh set of instruments, including scalpel, 
forceps, and clamps, to guard against contamina- 
tion with cancer cells that may have been en- 
countered in the muscular incision. 

10. Next the rather dense fascia overlying the 
axillary contents is incised, and the axillary vein 
exposed. Posterior and slightly superior to the vein 
lies the axillary artery. Superior to both, and at the 
same depth, lie the brachial plexus nerve trunks. 
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Fig. 1. The periphery of the incision about 
the growth should be equidistant from the 
«rowth. The cephalic vein is a guide to the 
ine of division between the deltoid and pec- 
toralis major muscles. The fibers of inser- 
tion of the pectoralis major are divided 
»ver the inserted finger. 


Pectoralis minor 
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Fig. 2. Dissection of every 
shred of tissue from the vital 
axillary structures. Sparing the 
vessels to the subscapular area 
helps prevent postoperative 
edema of the arm. The su- 
perior portion of each rectus 
sheath has been removed. 
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‘ig. 3. The skin edges in many cases may be approxi- 
mated completely without tension. 


11. Now begins the most delicate and probably 
the most important part of the whole operation, 
the proper dissection of the axilla. The operator 
proceeds from the proximal end of the axillary 
vessels and progresses distally, and each indi- 
vidual branch of both vein and artery is traced 
close against the main vessels, dissected free of 
every shred of surrounding tissue, clamped with 
finely pointed artery forceps, divided, and ligated. 
Clamping large bites of tissue, as would be taken 
by including a venous and an arterial branch at 
the same time or by including the slightest bit of 
tissue other than vessel wall itself, is absolutely 
wrong. Progressive individual ligation of each 
small vessel prevents a clamp pulling and tearing 
loose from the axillary vessels and thereby causing 
hemorrhage that obscures the field and prevents 
clean cut dissection. 

12. The axillary vein and artery now stand out 
stripped absolutely bare of any overlying tissue 
from the proximal end at the ligament which 
marks the medial and superior angle of the axilla 
down to the distal end of the incision. All axillary 
branches have been tied off close to the vessel 
walls. Sometimes the wall of the axillary vein is 
invaded by metastatic growth. Should this be 
the case, the vein should be resected without 
hesitation. Experience has shown that no harm 
will result from this procedure, not even post- 
operative edema of the arm. 

13. Attention is now directed to the posterior 
boundary of the axilla, the fibers of the latissimus 
dorsi, the teres major, and the subscapularis 
muscles. These must be completely exposed and 
freed of all overlying tissue just as the axillary 
vessels were cleaned. The long thoracic nerve 
running medially across these muscles to supply 
the serratus anterior muscle and the thoracodorsal 


nerve running laterally to supply the latissimus 
dorsi muscle may in the majority of cases be 
spared after being dissected free of all surrounding 
tissue. 

14. Vessels, nerves, and muscle boundaries of 
the axilla now stand out in clear relief as in a 
perfect anatomical dissection. The excised tissue, 
including all the axillary glands, has been re- 
tracted with the pectoral muscles and the over- 
lying breast; the few remaining pectoralis major 
muscle fibers originating in the lower ribs are 
dissected off; this entire mass is then removed in 
one piece and discarded. 

15. The axilla is now washed out with 2 liters 
of warm saline solution in order to remove possible 
contaminating bacteria and loose cancer cells. 

16. Closure of the wound is commenced by 
suturing the lateral skin flap high on the chest 
wall to cover the axillary vessels and, at the same 
time, provide complete freedom of motion in the 
axillary space. Many times the lateral and medial 
skin flaps may then be brought together without 
tension along the entire length of the wound. 


Fig. 4. The Ollier-Thiersch grafts are cut betwee 
boards which hold tense the skin of the thigh. 
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Fig. 5. The skin is redundant in the axilla. It is approximated without tension about 
the defect. The insert shows 2 Ollier-Thiersch grafts in place over the defect. 


17. In most instances the edges of the skin 
cannot be completely approximated in the center 
of the wound without tension. In this case, 
closure is begun as previously stated by suturing 
the superior portion of the lateral flap high on the 
chest wall. The medial and lateral skin flaps are 
brought as near together as possible without ten- 
sion, and the skin edges are closed with inter- 
rupted sutures above and below the defect. The 
skin edges about the defect are approximated as 
closely as possible without tension and sutured 
by interrupted stitches against the chest wall in 
this position. This procedure will leave an area 
of varying size on the chest wall not covered by 
skin. In almost every instance this area is 
smaller in size than the palm of one’s hand. 
Immediate grafting should be done to cover this 
defect. 

18. The skin of the lateral surface of the thigh, 
which has been cleaned previously and draped, 
is held taut between 2 thin, sterilized, wooden 
boards. With the long, thin, so called “catling”’ 


knife, a graft or several grafts are taken from the 
thigh, placed epithelial surface downward on a 
gutta-percha sheet, and transferred to the area 
on the chest wall. These grafts are of the Ollier- 
Thiersch variety and are very thin, including only 
the epidermis and the top layer of the dermis. 
With some practice grafts 5 to 6 centimeters in 
width and almost any desired length are cut 
without difficulty. They are placed so as to cover 
the surface of the defect completely, the edges of 
the graft overlapping the edges of the operative 
defect. No stitches are necessary. This grafted 
area on the chest will be healed completely in 12 
days’ time. The method is so satisfactory that it 
is difficult to understand why most operators 
wait 10 days or 2 weeks before grafting a wound 
defect by a second operation. 

19. Special dressing of the operative area is 
important. Both the area from which the graft 
has been removed and the one to which the graft 
has been transferred are covered first by silver 
foil. This protects the delicate surface and acts 
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as a mild disinfectant. A thin layer of vaseline 
gauze is then placed over the silver foil on each 
wound. The wound on the thigh is covered with 
sterile gauze and bandaged in the usual fashion. 
A sea-sponge, wrung out in saline solution, is 
placed over the silver foil and vaseline gauze that 
lie on the grafted area on the chest wall. Some 
sterile gauze is put over this sponge and the dress- 
ing is anchored snugly against the chest wall by 
strips of adhesive tape; the sponge under this 
tape affords the correct amount of resilient pres- 
sure, proper absorption of moisture, and accurate 
fixation of the graft. The skin edges of the rest of 
the incision, which have been sutured together, 
are dressed separately from the graft so that the 
dressing may be changed and the stitches re- 
moved after 5 or 6 days without disturbing the 
graft. The latter should not be dressed until from 
10 to 12 days after the operation; at this time 
healing will be complete. 

20. The arm is never fixed against the side by 
bandaging; it is of the utmost importance that 
complete freedom of motion in the shoulder joint 
be permitted, beginning on the day of operation. 


SUMMARY 


A few impressions stand out in this whole dis- 
puted question of cancer of the breast: 

1. The last significant advance in the struggle 
was made in 1894 when Halsted described his 
complete operation. Only strict adherence to the 
details of this operation will give the percentage 
of cure he obtained. 

2. Radical resection of the breast according to 
the painstaking technique described is the most 
effective weapon against cancer of the breast. 

3. While a percentage of cure of approximately 
75-80 may be achieved through a painstaking 
operation in patients who have no metastases, 
the figure drops to about 25 per cent in those 
patients who already have metastases. In 80 per 
cent of the patients presenting themselves for ex- 
amination because of a lump in the breast me- 
tastases have already occurred. 

4. Radiation following operation has failed 
thus far to increase perceptibly the percentage of 
cure. 

5. Because of the still unsatisfactory percentage 
of cure in patients suffering from cancer of the 
breast with metastases who have been submitted 
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to a radical operation plus postoperative radia- 
tion, and because pre-operative radiation is 
known to bring about marked reduction in size 
of the original growth and of the glandular 
metastases, adequate pre-operative radiation 
should be employed in many cases. 

6. Radiative castration of the younger woman 
suffering from this condition is a logical procedure. 

7. The present method of treatment is as 
follows: 

a. When a breast tumor is obviously benign or 
when there is justifiable doubt as to its malig- 
nancy, it is removed locally but with a wide 
margin, using the cautery throughout. If this 
tumor at the time of operation is found by micro- 
scopic examination to be malignant, the patient 
is subjected immediately to the meticulous radical 
resection as described. Postoperative radiation is 
given whether the axillary glands are found to be 
involved or not involved. 

b. When a breast tumor before operation is 
obviously malignant, pre-operative radiation is 
given daily for a period of 10 days. After an in- 
terval of 6 to 8 weeks the radical resection is per- 
formed. Postoperative radiation is then insti- 
tuted. 

c. Ablation of the ovarian function by radia- 
tion is recommended for those women with cancer 
of the breast who are still menstruating. 

d. When a breast tumor has already metasta- 
sized to distant foci, and an operation is, there- 
fore, useless, radiation alone is given. 
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TRAUMA TO THE KIDNEY 


J. HARTWELL HARRISON, M.D., Boston, Massachusetts 


WING to its well protected position, 
the kidney is not frequently subject to 
trauma. However, such an injury, 
when it occurs, is of particular sig- 

lificance on account of the great vascularity of 
‘he organ and on account of its important ex- 
retory function. 

Hamilton Bailey found that only 135 instances 
of renal trauma had been treated in the London 
Hospital during a period of 21 years; 108 of the 
patients suffered from injury to the kidney alone, 
and 27 had trauma to other organs as well as to 
the kidney. In 80 per cent of the patients the blow 
struck the posterior or lateral aspect of the trunk. 
[he posterior surface of the organ was as fre- 
quently injured as the anterior; rarely was the 
renal pedicle completely torn across. Lardennois 
found that renal injury in 45 of 770 patients, 4.8 
per cent, was caused by a blow on the anterior 
abdominal wall. Kuester proposed the theory 
that rupture of the kidney results from hydraulic 
pressure acting through the renal vessels and 
pelvis causing the organ to burst along lines 
radiating from the hilum toward the point of 


maximum impact against the lower ribs. How- 
ever, such an explanation seems unnecessary as 
the mechanism is adequately explained by the 
direct effect of trauma to the loin or flank. 

At times renal trauma is accompanied by frac- 


tures of the lower ribs. Morris stated that frac- 
tures of the twelfth rib were often the direct cause 
of laceration of the kidney. We have not observed 
this type of injury and believe it unlikely to occur 
as the twelfth rib extends away from the vertebrae 
at such an angle and is so held by the powerful 
costovertebral ligaments that the fragments 
would be driven into the kidney only by an un- 
usual penetrating force. Contusion or rupture of 
the kidney may accompany fractures of the verte- 
bre or bony pelvis. However, injury to the 
urinary bladder is much more frequent accom- 
panying fracture of the pelvis. 

Spontaneous rupture of the kidney occurs only 
when it is diseased. Wade has reported an in- 
stance of spontaneous bilateral rupture in acute 
parenchymatous nephritis. Connell found in the 
literature 30 records of spontaneous rupture of 
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the kidney caused by one of the following condi- 
tions: arteriosclerosis, nephritis, neoplasm, tuber- 
culosis, abscess, calculus, infarct, polycystic dis- 
ease, and congenital solitary kidney. Rupture of 
a hydronephrotic kidney after retrograde pyelog- 
raphy has occurred. Bugbee quotes Voit with 
reference to a woman who felt a severe pain in 
the right side while dancing. Shortly thereafter, 
severe hematuria set in and occurred intermit- 
tently for 2 months. At operation a suppurating 
perirenal effusion and rupture of the kidney was 
found. 


PATHOLOGY AND PATHOLOGICAL PHYSIOLOGY 


The pathological conditions which are found at 
operation or at postmortem examination depend 
on the extent of the injury. The following is sug- 
gested as a classification for traumatic lesions of 
the kidney: 

1. Contusion of the parenchyma without rup- 
ture of the intrinsic capsule or of the renal pelvis; 

2. Contusion of the parenchyma with rupture 
of the intrinsic capsule and consequent extrav- 
asation of blood into the renal fossa; 

3. Contusion of the parenchyma with injury 
extending into the pelvis; 

4. Complete rupture of the kidney with lacera- 
tion extending through the capsule, cortex, 
medulla, and into the pelvis. 

Contusions and lacerations of the renal paren- 
chyma show a considerable amount of edema at 
their periphery if seen soon after the injury has 
been sustained. The pressure from blood clots 
often tends to distort adjacent structures. The 
damage done by the trauma may extend as a 
result of thrombosis of vessels. As a consequence 
of the infarction thus caused, the amount of 
destruction of renal parenchyma is greatly in- 
creased. Urinary extravasation into the perirenal 
tissues may occur, and a continued flow of urine 
may increase the damage further. When extrav- 
asation of urine has occurred, infection is apt to 
supervene, as a result of the invasion of bacteria, 
and a huge perirenal abscess or dissecting cellulitis 
may be a subsequent complication. Furthermore, 
infarcts within the kidney may become infected 
and produce abscesses. From the clinical observa- 
tions in this and other reviews, it is apparent 
that the degree of impairment in renal function 
immediately after the injury to the kidney is 
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Fig. 1. Intravenous urogram 6 days after injury in 
Case 1 showing prompt satisfactory excretion from the left 
kidney. There is no renal shadow visible on the right and 
the right psoas shadow is obliterated. There is no excre- 
tion from the right kidney. 


often greater than can be accounted for by the 


amount of tissue destroyed. The edema and im- 
pairment of function resulting from pressure of 
blood clot offer anatomical explanations for most 


of this diminution in renal function. It seems 
necessary, however, in some cases to postulate a 
further reflex mechanism as an explanation for a 
part of the changes. This question has been in- 
vestigated experimentally by Powers, who has 
studied the effect of renal trauma on the function 
of the remaining kidney of rabbits after unilateral 
nephrectomy. The impairment of renal function, 
when moderate trauma was used, was transitory, 
and in 10 to 14 days the function of the kidney 
had returned to normal. In another series of 
experiments severe injury was inflicted on one 
kidney of a normal rabbit; there followed a rise 
of the non-protein nitrogen of the blood and a 
slight diminution in the total phenolsulphon- 
phthalein excretion for several days; after this the 
total renal function returned to normal. After 
8 days the uninjured kidney was removed and 
the traumatized organ was sufficiently recovered 
to continue maintenance of renal activity at a 
satisfactory level. Prompt functional recovery 
was considered to be the result of rapid regenera- 
tion of tubular epithelium. He suggests that the 
majority of patients having suffered unilateral 
renal trauma may be treated conservatively with 
the expectation that the injured kidney will re- 
cover sufficient function to become a useful organ. 
This remarkable ability of the kidney to improve 
in function is well illustrated by our Cases 2, 5, 
and 6. Anatomically, the period of progressive 
improvement corresponds to the period during 
which edema is subsiding and blood clots are 
being organized or removed; after this the vas- 
cular circulation tends to return to normal. 
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Fig. 2. 
spond to areas of infarction. (Case 1.) 
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This shows the ruptured kidney and many areas of discoloration that corre- 
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Fig. 3. Retrograde pyelogram, Case 2, showing extrava- 
sation of the opaque material into the renal parenchyma and 
renal fossa on account of complete rupture of the kidney. 


The processes of repair after injury of the kid- 
ney consist of organization of infarcts, replace- 
ment of hemorrhages by fibrous tissue, and regen- 
eration of tubular epithelium. There is con- 
siderable contraction of the scar tissue which 
causes bizarre distortion of the renal outline. In 
2 of the cases of this series there was a complete 
separation of two portions of the renal paren- 
chyma. Two of our patients developed renal 
calculi several years after their initial injury. It 
is to be remembered that large blocks of renal 
tissue cannot be repaired by regeneration, but the 
mechanisms here outlined are sufficient to account 
for a considerable improvement in renal function 
which may be maintained indefinitely. 


DIAGNOSIS 


In establishing the diagnosis of injury of the 
kidney and in determining the course of treat- 
ment to follow, one must evaluate the extent of 
damage to the organ. This may be accomplished 
by correlating the history and the findings upon 
repeated physical examination, urinalysis, daily 
measurement of the fluid exchange, studies of the 
blood, roentgenographic examination, and cys- 
toscopy. 

The cardinal sign of severe renal trauma is 
hematuria. It usually occurs shortly after the 
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Fig. 4. Intravenous urograms 2 years after drainage of 
the ruptured right kidney are normal except for a dilatation 
of the lower calyx which was the site of injury. (Case 5.) 


accident but may not make its appearance until 
several hours later. The absence of hematuria 
when other signs of renal trauma are present sug- 
gests either occlusion of the ureter or complete 
laceration of it, as in a case reported by Connell. 
Ureteral colic usually does not appear for 24 
hours. If hemorrhage is considerable, the bleeding 
may be followed by dysuria and urinary retention 
from intravesical accumulation of clotted blood. 
Bailey found acute retention of urine in 8 per cent 
of patients while oliguria was common after 
moderately severe injury of the kidney; anuria 
was rare. 

The presence of a mass in the loin, superficial 
ecchymosis in the flank, tenderness, non-shifting 
dullness on percussion lateral to the rectus muscle, 
and unilateral abdominal muscular spasm are im- 
portant physical signs of renal injury. The 
differentiation from injury of the liver or spleen 
is at times difficult. When contusion of the liver 
or spleen occurs, there is local pain, tenderness, 
muscular rigidity, and maybe a palpable enlarge- 
ment of the organ. When rupture of either organ 
is produced, the predominating signs are those of 
hemorrhage into the peritoneal cavity, namely: 
rapid pulse, pallor, low blood pressure, abdominal 
pain and tenderness, shifting dullness on percus- 
sion, possibly a fluid wave, diffuse abdominal 
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Fig. 5. Specimen of the kidney, Case 7, that was ruptured 20 years before nephrec- 
tomy was performed on account of subsequent calculous formation and infection. 


rigidity, and a high leucocyte count. The liver 
may be injured at the same time as the right 
kidney and likewise the spleen may be damaged 
when the left kidney is traumatized. Jaundice 
and bile-stained urine, when they appear, should 
point at once to a complicating hepatic injury. 
One of our patients, Case 20, exhibited evidence 
of simultaneous trauma to the liver and right 


Fig. 6. Retrograde pyelogram showing the anomalous 
renal pelvis of a congenital solitary kidney after injury. 
A slight extravasation into the lower pole is barely visible. 


kidney. He had bile in the urine but showed no 
evidence of jaundice. Bailey reported the cases 
of 3 patients having rupture of the spleen and 1 of 
rupture of the liver. In all 4 cases there was an 
accompanying renal injury which was compara- 
tively inconsequential. Despard operated upon 2 
patients having a ruptured spleen and found a 
rupture of the left kidney with a retroperitoneal 
hematoma as well. One patient, who also had 
clinical signs of renal trauma, has been operated 
upon in this hospital for rupture of the spleen. 
At operation the splenic pedicle was found to have 
been torn across by the injury; splenectomy was 
performed. Despite repeated transfusions the 
patient died 8 hours after operation. Unfortu- 
nately, postmortem investigation of the renal 
condition could not be carried out. 

Following injury sufficient to cause a complete 
rupture of the kidney, the patient is usually in a 
state of shock. Extravasation of blood into the 
renal fossa and concomitant hemorrhage into the 
renal pelvis and ureter occurs. While the patient 
is recovering from shock, observation is directed 
toward his general condition, the amount of 
hematuria, ureteral colic, pain in the flank, ab- 
dominal distention, tenderness, and appearance 
of a mass in the flank. A roentgenogram of the 
abdomen may show a widening or obliteration of 
the iliopsoas muscle shadow, enlargement or loss 
of the renal shadow, and a compensatory scoliosis. 

There is immediate inhibition of function of the 
ruptured kidney which may be partial or com- 
plete. The degree of inhibition is roughly pro- 
portional to the severity of the trauma to the 
kidney. By means of intravenous urography one 
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may ascertain something of the function of the 
kidney. The optimal time for intravenous urog- 
raphy must be determined for each patient. How- 
ever, in general, urograms are more likely to be 
satisfactory after 12 to 24 hours delay. Detail 
is often obscured by gaseous distention of the 
intestine. Furthermore, the transitory inhibition 
of renal function may prevent an excretion ade- 
quate enough to demonstrate the anatomical 
defect. Wood has described 25 cases of renal 
trauma in all of which satisfactory urograms of 
the uninjured kidney were obtained, but in 13 
instances there was insufficient excretion from the 
injured kidney. 

Cystoscopic examination with ureteral cathe- 
terization yields additional information with 
reference to hemorrhage, vesical or ureteral ob- 
struction, and function of each kidney separately. 
However, cystoscopic examination is sometimes 
impractical because the discomfort resulting from 
the injury makes co-operation difficult. When 
retrograde pyelography is necessary, the danger 
of causing further hemorrhage may be minimized 
by slow, careful injection of the opaque fluid. 

If urinary excretion continues after complete 
rupture of the kidney, extravasation of urine and 
blood into the perirenal tissues occurs by way of 
the rent in the pelvis and parenchyma, thus 
forming a gradually enlarging mass. There is an 
accompanying fever and leucocytosis caused by 
stasis of urine, hemorrhage, and infection. The 
latter results from the invasion of bacteria and 
the former is contributed to by ureteral obstruc- 
tion with clotted blood. When the laceration of 
renal substance involves only the parenchyma 
and there is no communication with the renal 
pelvis, urinary extravasation does not occur. 
Hematuria is present and there may be a palpable 
tender mass in the loin with subcutaneous 
ecchymosis that extends from above the costal 
margin posteriorly down to the iliac crest. Also, 
on account of the extrarenal hemorrhage there 
may be a retroperitoneal extravasation of blood 
that extends down along the course of the sper- 
matic vessels to appear in the inguinal region and 
scrotum (Bugbee). 

Contusion of the kidney without rupture of the 
capsule or pelvis is the simplest type of injury 
and may cause only mild symptoms. There are 
usually local symptoms of pain and tenderness in 
the flank without a palpable mass. Hematuria 
may be the only diagnostic sign of contusion, and in 
cases in this category it is usually transitory, and 
at times the urine contains only enough blood 
to color it slightly. Rarely there is only micro- 
scopic evidence of hematuria. When trauma has 
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been relatively insignificant it is especially im- 
portant to search for some underlying renal lesion 
such as a congenital anomaly, hydronephrosis, 
tuberculosis, calculus, neoplasm, hemangioma, or 
nephritis. 


TREATMENT 


The early treatment of the patient suffering 
from an injury of the kidney is primarily directed 
toward combatting shock. The necessary uro- 
logical and roentgenographic examination should 
be carried out after this condition has been re- 
lieved. Catheterization and irrigation of the blad- 
der may be necessary to relieve urinary retention. 
Fluids should be forced, but sudden increases in 
blood pressure by parenteral administration of 
fluids must be avoided. Complete rest with the 
aid of sedatives is a most important element in 
early treatment. Therapy continues to be con- 
servative under careful observation unless definite 
indication for operation is found. The indications 
in general for operation are persistent hemorrhage 
and extrarenal urinary extravasation. Explora- 
tion should be performed only after an investiga- 
tion sufficient to establish a diagnosis. Knowledge 
of the condition of the other kidney should be 
had always before operation is performed. Opera- 
tion accomplishes the control of hemorrhage and 
drainage. The former may be obtained either by 
suture of the renal parenchyma, tamponade with 
muscle, heminephrectomy, or nephrectomy. The 
difficult decision at operation is whether or not to 
remove the kidney. This should be determined 
by the degree of injury, infarction, infection, and 
the condition of the patient. Secondary nephrec- 
tomy was necessary in one of our cases on account 
of infection. 

We have treated 27 patients having an injury 
of the kidney. Seven of these had a complete 
rupture of the organ. Nephrectomy was necessary 
for 4 of these and simple drainage was sufficient 
in the 3 others. Twenty patients who had con- 
tusion or partial rupture of the kidney recovered 
under conservative treatment only. 


CAsE 1. Aman, aged Ig years, was admitted to the hos- 
pital 20 minutes after an automobile collision. He com- 
plained of pain in the right side of the chest and right 
flank. The voided urine was bloody. There was marked 
pallor of the face; the extremities were cold, and the pulse 
weak and rapid. There was tenderness over the lower six 
ribs in the right axillary line. The abdomen was soft, but 
a perceptible fullness and extreme tenderness were present 
in the right loin. 

The patient was placed in Trendelenburg position and 
treated for shock. The pulse and blood pressure became 
stabilized at 100 per minute and 80/55 respectively. 
Roentgenographic examination of the abdomen showed 
widening of the right psoas shadow, and that of the chest 
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showed four fractured ribs. On the next day there was 
muscle spasm and tenderness in the right flank but no 
mass was palpable. On the third day urinary retention 
developed and the bladder was found to be filled with blood 
clots. Hematuria gradually diminished and the patient 
was able to urinate without difficulty, but on the eighth 
day there was a return of dysuria and hematuria which 
rapidly progressed to complete retention of urine. The 
bladder was again emptied by catheterization and irriga- 
tion; a large amount of blood clot was again obtained. He 
was again treated conservatively and hematuria subsided 
in 48 hours. During the first week the red blood cell count 
decreased from 4,000,000 to 2,500,000 per cubic milli- 
meter and the hemoglobin from 70 per cent to 45 per cent. 
Intravenous urograms made on the sixth day showed no 
excretion of opaque substance from the right kidney and no 
abnormality of the left kidney (Fig. 1). The patient was 
kept at complete rest and showed definite improvement 
during the next 5 days, but on the fourteenth day he sud- 
denly became weak and again began to pass very bloody 
urine. Nephrectomy was performed. The perirenal fat 
was edematous and contained encapsulated blood clot. 
Necrotic fat was adherent to the kidney. There was no 
urine or pus in the flank. The kidney itself showed a 
bluish red discoloration and was swollen. The renal 
pelvis and ureter felt thickened and appeared edematous. 
A blood transfusion of 500 cubic centimeters was given. 
The postoperative course was uneventful. 

Pathological report. The external surface of the upper 
half of the kidney was bright yellow in color with mottled 
areas of hemorrhage scattered throughout. In the anterior 
portion of the superior pole a star-shaped opening extended 
through the parenchyma into the upper calyx. The section 
of the upper half of the kidney showed an indistinct demar 
cation between medulla and cortex. In the lower half of 
the kidney the demarcation between medulla and cortex 
was essentially normal (Fig. 2). 

Microscopic examination: In some areas there was com- 
plete infarction extending from capsule to medulla. Along 
the periphery of the infarcts there was moderate congestion 
and hyperemia of the parenchyma. Considerable fibro- 
blastic proliferation was present and exudation was slight. 
In some regions the renal tissue was fragmented and sepa- 
rated by organized hemorrhage. The parenchyma which 
was uninvolved by hemorrhage or infarction showed no 
variation from the normal. A section of perirenal fat 
showed extensive hemorrhage and fibroblastic prolifera- 
tion. The veins were intensely engorged and in many 
instances contained deposits of fibrin and organizing 
thrombi, but the arteries were well preserved. 

Diagnosis: Rupture of kidney; multiple infarctions of 
kidney due to multiple thromboses of renal vessels. 


When a complete rupture of the kidney occurs 
there is usually urinary extravasation into the 
flank. The laceration extended through the renal 
cortex into the upper calyx in this patient. Hem- 
orrhage into the perirenal tissues was not great 
and little evidence of urinary extravasation was 
found at operation 2 weeks later. This may be 
accounted for by presuming unilateral temporary 
cessation of renal function and plugging of the 
cortical rupture with blood clot. Hence, no in- 
crease of fullness in the flank occurred after the 
first 24 hours following injury. This is further 
indicated by the fact that intravenous urograms 
made 6 days after the injury showed no excretion 


from this kidney. The final pathological picture 
of multiple infarctions furnishes an adequate 
explanation for the impaired function. The 
recurrent hemorrhage, which was manifested by 
hematuria and vesical retention of urine due to 
clotted blood, occurred from the point of rupture 
in the upper calyx. 

In retrospect, conservative treatment was in- 
dicated in this case until the eighth hospital day 
when the second severe hemorrhage occurred. 
Operation was postponed because of the quick 
response to conservative measures, the apparent 
cessation of bleeding with simultaneous improve- 
ment in the general condition of the patient, and 
because signs of local tenderness and mass in the 
flank were lacking. However, the fact that a 
third hemorrhage 6 days later necessitated an 
emergency operation and blood transfusion shows 
us that surgical intervention would have been 
justifiable at the time of the first relapse almost 
1 week before. This is an example of the difficul- 
ties in treatment of patients having rupture of the 
kidney and intrapelvic hemorrhage without 
extrarenal urinary extravasation. Had the latter 
condition been present, decision in favor of early 
operation would have been made. It ‘was this 
type of case that caused Connell, as long ago as 
1910, to advocate early operation rather than 
expectant treatment, in all instances of rupture of 
the kidney. We do not subscribe to such a radical 
attitude, but! do grant that prolonged con- 
servative treatment in the presence of hemorrhage 
may be dangerous. 

Case 2. A laborer, aged 30 years, was admitted to the 
hospital on account of pain in the left flank and blood in 
the urine. He had fallen 1 month before and struck his 
left side. There was slight pain in the side at the time but 
he continued to work. The next day he began to suffer with 
cramp-like pains radiating from the left flank to the groin 
and umbilicus. At midnight the pain became intense and 
vomiting began; then, for the first time, the urine was 
bloody. After rest in bed for 24 hours all pain and hema- 
turia disappeared. Roentgenograms of the chest showed 
two fractured ribs. The patient was advised of the neces- 
sity of exploration of the left kidney. Operation was re- 
fused but 1 week later gross hematuria with passage of 
small blood clots recurred. Pain in the left side also re- 
turned and he entered this hospital. On examination there 
was spasm of the entire left side of the abdomen and a 
tender mass in the left flank extended down to the anterior 
superior spine of the ilium. There was dullness on percus- 
sion from the flank to the umbilicus. At cystoscopic exam- 
ination the bladder was found to be normal except for 
injection of the trigone. Urine from the right kidney was 
normal and from the left was bloody. A left retrograde 
pyelogram (Fig. 3) showed extravasation of the iodide 
solution into the kidney substance from the middle and 
inferior calyces. 

At exploration the lower pole of the left kidney was 
found to be surrounded by a sac attached anteriorly to 
the retroperitoneum and extending several inches along 
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the ureter. When the sac was opened about 300 cubic centi- 
meters of bloody urine and clot were evacuated. The 
laceration of the lower pole was practically healed. The 
renal fossa was thoroughly irrigated and drained. The kid- 
ney was not mobilized. The patient was discharged well! 
on the thirty-fourth postoperative day. 


This case demonstrates the rapidity with which 
symptoms may subside after a complete rupture 
of the kidney. Resumption of activity caused a 
recurrence of hematuria and an exacerbation of 
abdominal symptoms which caused him to seek 
further medical aid. The thickened fibrous sac 
was formed by the false renal capsule. Its attach- 
ment to, and encroachment upon, the peritoneum 
shows concretely how intraperitoneal signs and 
symptoms may be produced after injury of the 
kidney. It is remarkable that infection had not 
taken place in this large urinary extravasation, 
which was not drained until a month after injury. 


CASE 3. A 15 year old boy fell 7 feet from a roof striking 
his left flank across the edge of a board. He experienced 
severe pain in the left side and voided bloody urine a few 
minutes later. The urine continued to be bloody for 48 
hours and was coffee colored for 4 days longer. He vomited 
several times daily and continued to suffer from pain in 
the left side. He was sent to the hospital 1 week after in- 
jury 

The abdomen was held rigid and a large tender fluctuant 
mass filled the left flank. The urine examination was 
essentially negative. Phenolsulphonphthalein excretion 
was 80 per cent in 2 hours. Blood urea nitrogen measured 
17 milligrams per cent. At operation the next day the renal 
fossa was found to contain 1000 cubic centimeters of odor- 
less, amber colored urine. The lower pole of the kidney 
was found to be severed from the rest of the organ and 
was necrotic. The upper half of the kidney was contused 
and hemorrhagic. Nephrectomy was performed and the 
renal fossa was drained. The patient’s temperature fluc- 
tuated between too and 1o1 degrees F. for 7 days. 
Thereafter recovery was rapid. The patient was well 2 
years later. 

Pathologic examination. The specimen was a kidney and 
a fragmented bit of renal tissue together weighing 115 
grams. At one pole the renal substance was greatly rough- 
ened and necrotic. Just distal to the hilus there was a gap 
in the renal substance and the edges of this were extremely 
injected and necrotic. Upon section the uninjured pole 
of the kidney presented a reddish brown surface on which 
cortical and medullary markings were readily distinguished. 
At the other pole, however, there was considerable necrosis. 
The severed portion of renal tissue weighed 20 grams. 

A microscopic section from the lower pole of the kidney 
showed tissue which was distinctly necrotic in appearance. 
There were many focal areas of round cell infiltration and a 
few polymorphonuclear leucocytes were seen. The perirenal 
fat showed hemorrhage and bands of fibrous tissue heavily 
infiltrated with eosinophils and polymorphonuclear leu- 
cocytes. 

Diagnosis: Ruptured kidney with necrosis of lower pole. 

Case 4. A 48 year old carpenter fell a distance of 25 feet 
striking on his left side. There was immediate sharp pain 
in the left chest and abdomen. Six hours later he voided 
about a pint of bloody urine. Intermittent hematuria and 
pain radiating from the flank into the left lower quadrant 
of the abdomen persisted for 5 days. The patient exhibited 
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rapid breathing, flushed facies, and moderate emaciation. 
There was diminished resonance to percussion in the left 
axilla and below the angle of the scapula. The left flank 
presented a visible, tender fullness. There was muscle 
spasm over the left side of the abdomen and extreme costo- 
vertebral tenderness. The white blood cell count was 26,000 
per cubic millimeter, and the urine contained pus cells and 
casts. The left kidney shadow was not visible in a plain 
film of the abdomen. Two hour excretion of phenolsul- 
phonphthalein was 70 per cent. Three days after admission 
to the hospital, exploration was performed. Purulent urine 
containing clotted blood was drained from the left renal 
fossa. There was a rupture through the cortex of the kid- 
ney, but bleeding had ceased. The wound was drained 
through the posterior angle and the kidney was not mobi- 
lized. The postoperative course was complicated by a 
septic temperature, persistent pyuria, and bronchopneu- 
monia. The culture of the urine yielded a growth of Sta- 
phylococcus aureus. The patient developed an infected 
urinary sinus and 4 weeks later nephrectomy was per- 
formed. He was well upon discharge 4 weeks later. 

Pathological report. The kidney was pale yellow in color. 
There was a red irregular contracted area 3 by 23% centi- 
meters extending into the hilum. On section the cortex 
was indefinite and pale. A large contracted scar extended 
through the cortex and one section was composed of white 
scar tissue. There were numerous groups of small hemor- 
rhages through the cortex and multiple small abscesses. 

The microscope showed that the cortex of the kidney 
contained numerous small abscesses. The tubules con- 
tained leucocytes, granular material, and round hyaline 
particles. Section through the scar showed an area of 
granulation consisting largely of new formed fibrous tissue, 
phagocytic cells and small mononuclears. 

Diagnosis: Rupture of the kidney. Multiple abscesses 
of kidney. 


This patient’s complicated hospital course may 
be attributed to urinary extravasation which, not 
being drained early, became infected. Nephrec- 
tomy was not performed at the first operation 
because of the presence of the perirenal infection 
and a lack of knowledge regarding the uninjured 
kidney. Intravenous urography, which was not 
available at that time, would have been helpful 
since the patient was thought to be too ill to un- 
dergo cystoscopy before the first operation. The 
persistent infection resulted in multiple cortical 
abscesses and necessitated a secondary operation 
for removal of the organ. 


CAsE 5. A 39 year old woman was admitted to the hos- 
pital complaining of pain in the right side of 16 hours’ dura- 
tion following a fall downstairs. She suffered immediate 
severe pain in the right flank followed by nausea and 
vomiting. She was unable to void and when catheterized 
the urine was bloody. The patient was an obese woman in 
great pain. There was tenderness and muscle spasm in 
the right loin. The urine was bloody; the white blood cell 
count was 23,600; the non-protein nitrogen of the blood 
was 36 milligrams per cent. Intravenous urograms 48 
hours later showed the opaque medium in both renal pelves 
in 5 minutes. The right renal pelvis wasslightly enlarged 
and distorted; there was an extravasation from the pelvis 
into the renal substance. 

The patient continued to have pain in the right flank 
and a mass became palpable there 48 hours after injury. 
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On the third day operation was performed under spinal 
anesthesia. There was hemorrhage in the tissues beneath 
the external oblique fascia. The renal fossa was found to 
contain much clotted blood. There was a transverse rup- 
ture of the lower pole of the kidney. The kidney itself was 
not mobilized but the renal fossa was drained. Postop- 
erative course was uneventful. 
Diagnosis: Rupture of kidney. 


Nephrectomy was not performed on this pa- 
tient because the rupture was not severe and there 
was no complicating infection present. Relatively 
early operation with adequate drainage was an 
important factor in her satisfactory recovery. 
Three years after injury, intravenous urograms 
show prompt excretion from both kidneys. There 
is a dilatation of the inferior calyx of the right 
kidney in the previous site of rupture (Fig. 4). 
The films demonstrate concretely the remarkable 
recuperative powers of the kidney. 


Casr 6. A white woman, aged 21 years, came to the hos- 
pital complaining of pain in the left shoulder, chest, and 
flank, shortly after being struck by an automobile. In the 
left upper quadrant of the abdomen there was slight muscle 
spasm and tenderness to light palpation. Non-shifting 
dullness on percussion was noted in the left side of the 
abdomen. The whole left flank was very tender on pressure, 
both anteriorly and posteriorly. A rupture of the spleen 
was considered at first, but there was no evidence of shock, 
severe hemorrhage, or fluid in the abdomen. The first 
voided urine was bloody. After 18 hours the urine exhibited 
only a smoky red color. The white blood cell count was 
15,000 on admission and 29,600 the next morning. Full- 
ness in the flank and pain increased steadily for 72 hours. 
On account of the rising leucocyte count, rising pulse, 
persistent pain, and ever-increasing mass in the flank, 
exploration was performed. The perirenal tissues were 
found to be infiltrated by a pale bloody fluid. A ragged, 
yellow, cleft-like depression was palpated on the posterior 
aspect of the kidney. Two rubber tissue drains were placed 
in the renal fossa to provide for drainage. Postoperative 
convalescence was uneventful and the drainage of urine 
ceased on the fourteenth postoperative day. The patient 
was discharged well on the fifteenth day. She was in good 
health when last heard from two years after operation. 

Diagnosis: Rupture of kidney. 

This patient was treated expectantly until 
definite clinical evidence of urinary extravasation 
was present. Operation was performed before an 
invasion of bacteria had taken place, and it was 
possible to save the kidney by drainage. 


Case 7. A woman, aged 32 years, was admitted to the 
hospital with the complaints of weakness, weight loss and 
pain in the back for 2 years. Also, chills, fever, nausea, 
vomiting, and dizziness lasting 3 to 4 days had occurred 
intermittently. Urinary frequency, dysuria, and the pas- 
sage of cloudy urine had been noticed for several months. 
At the age of 13 years the patient fell downstairs striking the 
left side on the edge of a step. Following this for 2 weeks 
she had been extremely ill and there occurred profuse 
hematuria. Her attending physician made the diagnosis 
of ruptured kidney. After 2 weeks, recovery was un- 
eventful. 

There was some tenderness on deep palpation below the 
left costal border. At cystoscopic examination the urethra 


and bladder were normal. A plain film of the abdomen 
showed two irregular shadows opposite the transverse 
process of the second lumbar vertebra on the left. The 
right pyelogram was normal but the left kidney pelvis 
was incompletely outlined and the opaque fluid covered 
the shadows seen in the plain film. Examination of the 
blood showed changes characteristic of pernicious anemia. 

A pre-operative diagnosis of calculus pyonephrosis and 
pernicious anemia was made. At operation the kidney was 
found to be adherent in the region of its pelvis and lower 
pole to dense surrounding tissue. A mass, 4 by 3 centi- 
meters, was attached to the lower pole of the kidney and 
was intimately adherent both to this and to the ureter. 
Nephrectomy was performed removing at the same time 
the small mass and the portion of adherent ureter. She 
was discharged on the twenty-fourth day after operation in 
an improved condition. 

Pathological report. The specimen was a kidney measur- 
ing 8 centimeters in length and 4% centimeters in width to 
which was attached at its lower pole additional kidney 
tissue measuring 4 by 3 centimeters (Fig. 7). The two 
weighed 80 grams together. The kidney had a tough and 
red capsule which was stripped with difficulty leaving a 
ragged surface. The whole kidney was yellow and mod- 
erately firm in consistency. The structural details were 
obscured. A calculus measuring 1 by 1% centimeters 
occupied the pelvis. The smaller piece of kidney tissue 
presented the same shape, color, and consistency except 
that its substance was largely taken up by the pelvis, only 
a narrow margin of cortex being left at some places. 

Diagnosis: Injury to kidney with repair. Renal calculus. 
Pernicious anemia. 


This is an unusual case which has not been 
duplicated in the literature. This patient had 
undergone a severe rupture of the kidney which, 
however, failed to tear the pelvis and ureter. 
Subsequently, a calculus was formed in the kid- 
ney which was discovered along with the trau- 
matic malformation many years later. Also, 
during this time the patient developed pernicious 
anemia, presumably a pure coincidence. 

A summary of the records of twenty patients 
having contusion or partial rupture of the kidney 
is shown in Table I. 


ANALYSIS OF 27 CASES OF INJURY TO KIDNEY 


This series is made up of 27 instances of injury 
to the kidney of varying degrees of severity. In 
all cases the trauma occurred directly over the 
region of the kidney. The left kidney was injured 
seventeen times and the right ten times. Falls 
from varying heights occurred in 15 instances, and 
in 10 of these the patients fell upon some sort 
of edged object which was driven directly against 
the flank or lower thorax. Four of the remaining 
cases were the result of traffic accidents and 7 re- 
sulted from injuries sustained as a consequence of 
mishaps in football games or coasting. The re- 
maining instance followed a fall from a horse. 
It is to be seen clearly from a consideration of 
these various forms of trauma that in order to in- 
volve the kidney the injury must be of consider- 
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able severity as well as located in the loin. This 
may be of some importance in making the diag- 
nosis in certain questionable cases. 

The cardinal sign of rupture of the kidney in a 
person who has sustained an accident of this 
character is hematuria. In 24 of our 27 patients 
there was hematuria, sufficient enough to be 
detected by inspection, and in the 3 other in- 
stances blood was demonstrated in the urine 
microscopically. 

Diffuse abdominal pain, accompanied by con- 
siderable muscle spasm on the side of the injury, 
was present in 13 of the cases. Somewhat less 
often (6 times) subcutaneous ecchymosis in the 
flank and side of the abdomen was found. Nausea 
and vomiting were early symptoms on seven occa- 
sions. This was especially frequent when large 
clots were passed through the ureter. The passage 
of such blood clots may be of considerable clinical 
significance also, since 2 of our patients developed 
urinary retention from obstruction by the clotted 
blood. 

As a complication of the injury to the kidney, 
the thorax was not infrequently involved. Re- 
spiratory pain resulting from thoracic injuries 
was present in 14 of the cases and in 5 of these 
there were demonstrable fractures of the ribs. 
Six of the patients had such pulmonary complica- 
tions as atelectasis and bronchopneumonia. How- 
ever, hemothorax of sufficient degree to neces- 
sitate thoracentesis resulted only once. Frac- 
tures of the lumbar vertebre were present only 
in 1 patient. 

The end-results in all of these cases have proved 
the great value of conservative treatment for 
patients who have had renal trauma. Careful 
study with prolonged rest may often avoid opera- 
tion. Furthermore, it is essential that sufficient 
investigation be carried out to establish the diag- 
nosis with accuracy before operation is under- 
taken. This is especially important if the localiz- 
ing signs are not clear, because the lumbar ap- 
proach to the kidney does not as easily permit the 
exploration of various viscera as an abdominal 
incision does. The indications for immediate 
operation are persistent hemorrhage, urinary 
extravasation or infection. While many of our 
patients are brought directly to the hospital after 
injury, in some instances they did not appear for 
as long as 75 days. In one instance (Case 2) the 
patient appeared 25 days after the injury and the 
evacuation of a large extrarenal sac of blood and 
urine resulted in complete recovery. When the 
kidney is exposed at operation, it is often a prob- 
lem whether to perform nephrectomy or simple 
drainage. In three of our patients, simple drain- 
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age was instituted, and in 4 instances nephrec- 
tomy was performed. In all of these cases a com- 
plete rupture of the kidney had taken place. The 
indication for operation in Case 1 was protracted 
severe hemorrhage into the urinary tract. In 
Cases 2 to 6 inclusive the operative indications 
were extrarenal hemorrhage and urinary extrav- 
asation. Operation in Case 7 was necessitated 
for renal calculi 20 years after the injury. In 
deciding which is preferable, we wish to call 
attention again to the remarkable recuperative 
powers of the kidney, once obstruction and 
urinary extravasation have been relieved. 

In the entire series of 27 cases, there was no 
mortality. This we feel offers justification of a 
conservative attitude in treating these patients. 
In the case referred to previously in which there 
was a question of renal trauma in a patient with 
rupture of the spleen, death occurred, but this 
case could not be included in our series since there 
was no Clinical or postmortem opportunity to 
verify the presence of the renal damage. 

After recovery from the immediate injury, it is 
important to remember that certain patients may 
be expected to show various degrees of renal im- 
pairment. One of our patients (Case 7) was 
found to have an almost complete division of the 
kidney and a renal calculus 20 years after the 
injury. In another an abnormal pyelogram sug- 
gested the presence of a papilloma of the renal 
pelvis (Case 16). In still a third (Case 17) a renal 
calculus, which may have formed on a nidus of 
material resulting from the renal injury, was dis- 
covered to years later. 

The presence of lesions of certain types in the 
kidney may make it more vulnerable. One of our 
patients, Case 26, had a hydronephrosis. This 
large mass was doubtless more susceptible to 
trauma than would a normal kidney have been. 
In another of our patients, Case 18, there was a 
solitary kidney. In this instance the question of 
treatment is indeed acute and resembles the con- 
sideration which must govern the attack on cal- 
culi in a solitary kidney. It is hardly necessary 
to say that renal trauma is no excuse for not in- 
vestigating the presence or absence of a kidney on 
the other side before operation is considered. 
Turton and Williamson have described an in- 
stance of traumatic rupture of a congenital soli- 
tary kidney. A school boy aged 12 years fell a 
distance of 5 feet striking on his left side. He 
complained of pain in the loin and the voided 
urine was bloody. At operation it was learned by 
exploration that the right kidney was absent; 
the ruptured left kidney was treated by drainage 
and recovery was uneventful. They summarized 
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4 other cases from the literature (namely those of 
Melchior, Speer, Brattstrom, and Thompson) of 
rupture of the congenital solitary kidney. In 
each of these cases nephrectomy was performed 
and the absence of the other kidney discovered at 
autopsy. Bailey has cited further instances in 
which the kidney was the site of various other 
lesions prior to injury. One of his patients had 
multiple calculi, 4 had hydronephrosis, and in 1 
instance there were cysts of the kidney. These 
cases further emphasize the necessity for thorough 
investigation before operation is undertaken in 
patients suffering from renal trauma. 
SUMMARY 

Twenty-seven patients have been presented 
who suffered from various kinds of renal trauma. 
In each instance injury was caused by direct 
application of force over the kidney. 

Hematuria is the cardinal sign of injury to the 
kidney in a patient who has recently sustained 
an accident. 

Conservative treatment yields good results. 
There is a tendency for spontaneous improvement 
owing to the processes of natural repair. The 
absolute indications for operation are persistent 
hemorrhage, urinary extravasation, or renal infec- 
tion. There was no mortality in our series. 

Because of the possibility that congenital or 
acquired lesions of the kidney may antedate the 
trauma, thorough studies of the uninjured kidney 
as well as the traumatized organ must precede 
operation. 
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GAS IN THE BOWELS 


Observations and Experiments in Man 


ALBERT OPPENHEIMER, M.D., Beirut, Lebanon, Syria 


HILE recent investigations on in- 

testinal gas are concerned chiefly 

with its significance in mechanical 

and adynamic ileus (7, 8, 9, 14, 19, 
o), the following study has its origin in the 
bservation that on roentgenograms gas in the 
owels is as often present when least wanted as 
t is absent when expected. For instance, in 
ibdominal colic when it is important to see 
learly roentgenographic details such as small 
oncretions, very large quantities of gas are often 
superimposed consistently upon the viscera; 
whereas in patients with flatulence or eructations 
the amount of gas visible is usually negligible 
rather than increased (1). In roentgenological 
practice, gas is of interest mainly in as far as it 
can be eliminated. For this purpose, some 
examiners prescribe a special diet, often combined 
with medication of diastatic enzymes, and fol- 
lowed by catharsis, enemas, and injection of one 
of the postpituitary or physostigmin prepara- 
tions. Others hold that the best way of prevent- 
ing gas formation consists in avoiding any of 
these measures. During attempts at clarifying 
this discrepancy, it was found that the question 
pertains to a general physiological problem which 
has many practical aspects. This report is the 
outcome of studies and experiments scattered 
over a period of g years and involving slightly 
over 400 observations in man. 


ROENTGENOLOGICAL OBSERVATIONS ON 
GASEOUS DISTENTION 

If one examines patients who had received a 
cathartic and an enema, one often finds large 
amounts of gas accumulated in the colon. Some- 
times repetition of the enema results in elimina- 
tion of most of the gas; but equally often a 
second enema seems to make the gaseous disten- 
tion grow worse. Hence it is commonly suspected 
that instead of being eliminated, gas may be 
introduced by enemas in the form of atmospheric 
air. But the author found it practically impossible 
to introduce air with an opaque enema; for any 
large air bubble is locked either in the tube or 
in the upper rectum, preventing further inflow. 


rom the Department of Roentgenology, School of Medicine, 
\inerican University of Beirut. 
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Small amounts of gas may perhaps get into the 
colon; but they are not large enough to account 
for the quantities of gas often seen on roent- 
genograms after cleansing enemas, these quan- 
tities corresponding to about 600 to goo cubic 
centimeters of air inflated per rectum. Insuffla- 
tion of more than 400 cubic centimeters of air 
usually causes considerable distress; whereas the 
patients with the spontaneous distention here 
discussed are not commonly conscious of the 
presence of gas. This point proved to be signifi- 
cant in the further course of the study. 

Giving food devoid of fermentable material, 
together with preparations containing diastatic 
enzymes and hemicelluloses, does not always help 
to prevent gas formation. In 1930, R. Becker 
and the author made the following unpublished 
experiments. Of 12 patients with renal calculi, 
in whom very large amounts of gas were present 
on roentgenograms, 6 were given normal food 
and no medication; the other 6 received a diet 
practically free of cellulose together with an 
enzymatic preparation which had been recom- 
mended as “‘ideal” for preventing gas formation. 
Roentgenograms taken on the fourth day showed 
the intestines to be almost free of gas in 3 persons 
of the second, or treated, group. But the amounts 
of gas visible were equally small in 4 patients of 
the first, or untreated, group. Because of the 
assumption that failures in the treated group 
might have been due to insufficient dissolution 
of the coating of the drug in the intestinal tract, 
the experiments were repeated with samples of 
the coating containing barium sulphate powder 
instead of the active substances. In 2 of 6 patients, 
the undigested dragées were seen as rounded 
opaque bodies during 48 hours on roentgenograms, 
and were recovered in the stools afterward. But 
even in these 2 patients, as in all the others in the 
series, the intestines were almost free of gas on 
the third day. This result was not enlightening. 
The verified failure of the drug to act did not 
explain the negative results of the first series, as 
it evidently did not account for the positive 
results of the second one. The inference that 
intestinal fermentation is not responsible for the 
gaseous distention here under discussion was not 
in accord with accepted teaching which, at that 
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Fig. 1. a, Intestines full of gas during renal colic. b, Without any treatment or diet, 
the digestive tract is almost free of gas 2 days later, when pain subsided. c, Another 
case of gaseous distention during renal colic. For the 3 subsequent days, the patient 
received a diet practically free of fermentable material, together with diastatic enzy- 
mes; an enema was given the night previous to, and 3 hours before, re-examination, 
and ro Voegtlin units of pituitrin were injected subcutaneously 55 minutes before 
roentgenography; nevertheless, gas is still as abundant as before, d, pain being still 


present. 


time, referred to fermentation, as proved in vitro 
(17), as the cause of the largest part of the gas 
present in the bowels. Although recent analyses 
have shown that over 70 per cent of intestinal 
gas consists of atmospheric air (5, 20), daily 
experience proves that gas formation is very much 
increased by normal or abnormal fermentation. 

To ascertain this point, 6 patients with patho- 
logically increased intestinal fermentation, as 
shown by strongly positive fermentation tests 
(16), were examined simultaneously with 12 
healthy subjects, both receiving the same food 
and no medication. In the healthy subjects, gas 
was seen to accumulate gradually in the trans- 
verse colon and splenic flexure in the course of 
the day, a maximum being found in the late 
evening, and a minimum in the early morning. 
Very little gas was present in the small intestines, 
and none at all in the terminal ileum. In the 
patients with fermentation, gas was abundant in 
the terminal ileum, no matter whether symptoms 


were present or absent at the time of the examina- 
tion. This gas either formed large bubbles which 
occupied as much as the entire terminal loop of 
the ileum (Fig. 2), or it was thoroughly mixed 
with the opaque medium, thus giving the latter 
a foamy or frothy appearance. Gas was also 
definitely present in other small intestina! loops, 
as well as in the colon. But in none of the patients 
with fermentation were the amounts of gas larger 
than in the healthy subjects, nor as large as in 
gaseous distention on roentgenograms of the 
urinary tract. Since the experiment had been con- 
fined to instances of well marked fermentation, 
it was inferred that fermentation is not responsible 
for the gaseous distention discussed at the outset. 

What happened, then, to the large volumes of 
gas which, as shown by an objective test, were 
formed in the patients with fermentation? Prob- 
ably nothing else than what happens to the gus 
in healthy persons. The observation that as a 
rule much more gas is present in the evening thn 
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OPPENHEIMER: GAS IN THE BOWELS 








Fig. 2. a, Terminal loop of ileum filled with gas in a case of abnormal intestinal 
fermentation. b, Gas in terminal ileum mixed with opaque medium. 


in the morning, seems to indicate that influences 
of domestication are easily overcome during sleep. 
The autonomous system tactfully eliminates the 
gas while its bearer is least conscious of the 
mechanism. In order to keep comfortable, the 
person with increased fermentation has to get rid 
of the gas on other occasions as well. Inciden- 
tally, a similar mechanism acts upon the stomach. 
The gas bubble of the stomach is fairly constant 
in size individually. When increased, e.g., by 
intake of sodium bicarbonate as powder or soda 
water, a sudden tonic contraction expels the extra 
amount by belching, whereafter the gas bubble 
is usually smaller than at the beginning of the 


observation; but it resumes its normal size and 
configuration in the course of an hour. It may 
safely be concluded that in the human digestive 
tract amounts of gas which exceed a certain tol- 
erated volume are expelled, but do not cause dis- 
tention, provided the intestinal muscle is in 
normal condition. This inference will hardly be 
considered to add to lay knowledge. 


EXPERIMENTAL PRODUCTION OF GASEOUS 
DISTENTION IN MAN 
It has become evident at this stage of the inves- 


tigation that the contractility of the intestinal 
muscles played some important part in the pro- 








a | 


Fig. 3. a, Immediately before retrograde pyelography, 
the intestines are free of gas. b, Within a few minutes 
« {ter insertion of aureteral catheter they are filled with gas. 


b c 
c, In another intestinal section, it is noticeable that the 
vallecule conniventes have become prominent on this 
occasion. 








108 SURGERY, GYNECOLOGY AND OBSTETRICS 





a 


b 


Fig. 4. a, Intestines overfilled with gas during retrograde pyelography. b, The 
opaque enema shows the degree of colonic enlargement on this occasion. Forty-eight 
hours later, repetition of the opaque enema revealed a normal colon. A case of begin- 


ning hydronephrosis; Bacillus coli infection. 


duction of non-surgical gaseous distention; for 
large amounts of gas do not normally remain in 
the bowels for a long time. The observation that 
excessively large quantities of gas may appear 
during retrograde pyelography when this pro- 
cedure produces pain, led to a systematical study 
on the relations between pain and gaseous dis- 
tention. In 82 instances of severe pain, such as 
in the presence of fractures of the extremities and 
of the vertebral column, gonococcic arthritis, 
sciatica, lumbago, toothache, trigeminal neural- 
gia, herpes zoster, dislocations, no gaseous disten- 
tion was observed. But in numerous cases of 
renal colic, in 8 patients with biliary colic, and in 
3 with duodenal ulcer, as well as in acute inflam- 
mation of the appendix or of the pelvic organs, 
the type of gaseous distention seen was identical 
with that found during retrograde pyelography. 
In 14 patients with urinary diseases gaseous dis- 
tention developed during intravenous urography 
about 1o minutes after injection of any of the 
dyes available with complete absence of pain or 
other symptoms. Accordingly, pain is not in 
itself responsible for the appearance of gas in the 
bowels; but it would seem that in certain circum- 
stances, some abdominal diseases may cause gas- 
eous distention, even in temporary or permanent 
absence of pain. Pain and gaseous distention are 
then independent symptoms of the same disease. 

Further analysis of the roentgenographic 
records showed that the intestines were often 
almost free of gas immediately before ureteral 


catheterism; but as soon as the catheter was 
inserted, the stomach, small intestines, and colon 
were overfilled with gas (Fig. 3). In the small 
intestines, besides widening of their lumen, the 
annular vallecule conniventes became distinctly 
visible (Fig. 3, c); in the dilated colon, haustra- 
tion was scarce and shallow (Fig. 4). This was 
confirmed by opaque meal and opaque enema 
examinations in the course of which one renal 
pelvis was distended by injection through a 
catheter of Cameron’s solution or by distention 
with oxygen (11). This procedure immediately 
caused the normal intestinal pattern to disappear; 
the lumen suddenly became wide, peristalsis 
ceased, and the vallecula emerged into the mucosal 
pattern; simultaneously, the colon increased in 
width and length so considerably as to allow 4 
liters of opaque enema to be instilled, while nor- 
mally it did not hold more than 1.2 to 1.8 liters 
at maximum (Fig. 4). Widening and lengthening 
of the colon, scarce haustration, and prominence 
of the vallecule conniventes are signs typical of 
paralysis of the bowels, such as observed in para 
lytic ileus and in the dead organs. The fact that 
12 to 36 hours later the intestines resumed norma! 
size and pattern, proves that the acute transient 
paralysis or atony was not caused by damage to 
the intestinal muscle, but by some inhibitory 
reflex acting upon the intestinal walls, as in ani- 
mals with experimental peritonitis (2). 

The very large amounts of gas observed in 
these conditions could not possibly be due to any 
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Fig. 5. 


abnormal fermentation, as the gas overfilled the 
entire digestive tract within a few minutes. The 
sudden relaxation of the intestines during atony 
caused the gas to fill the bowels merely passively. 
It is not likely that so large amounts of gas could 
be absorbed into the intestinal lumen from the 
blood stream during such a short time (5, 8). 
Hence one may assume that the small amounts 
of gas always present in the intestines expanded 
in the suddenly created relative vacuum, a mech- 
anism to which no attention seems to have been 
paid hitherto. 

The disappearance of intestinal atony within a 
day or two after renal colic or experimental irrita- 
tion of the renal pelvis, explains the fact that in 
the roentgenological observations reported, gase- 
ous distention subsided while the patients were 
simply kept at rest. 


MECHANISMS OF REFLECTIVE GASEOUS 
DISTENTION 
In patients with abdominal symptoms gaseous 
distention may fail to develop during retrograde 
or intravenous urography, but may appear during 
other diagnostic measures. In 6 cases of verified 
gall-bladder disease, gas appeared in the intes- 
tines ro hours after oral ingestion of a cholecysto- 
graphic dye; in 4 of them, it was the descending 
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a, Atony of duodenum and complete duodenal stasis at the time 
when the roentgenogram of Figure 6a was taken. b, Four days later, corre- 
sponding to Figure 6 b, the duodenum is perfectly normal. A case of pyelitis 
referred to in the text. c, Gas in an atonic duodenum as verified by opaque 
meal, d, during gall-bladder colic. e, Duodenum normal 4 days later in the 
absence of pain. f, Atony and gas filling of duodenum during cholecystogra- 
phy in a case of gall stones. g, Duodenum normal the next day. 
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duodenum which was most conspicuously widened 
(Fig. 5, f). In 3 patients with appendicitis, the 
entire colon relaxed suddenly during palpation of 
the appendix during radioscopy and filled with 
gas within less than 2 seconds. 

Two case histories out of many may serve to 
illustrate the mechanisms involved: 

The first patient, a woman aged 30 years, was admitted 
because of uncontrollable nausea and vomiting of a few 
days’ duration. There was some slight, dull, spontaneous 
pain in the right upper quadrant, but no tenderness. The 
stomach, small intestines, and colon were filled with gas 
(Fig. 6, a). An opaque-meal examination showed the 
dependent duodenum to be very wide and devoid.of any 
peristaltic activity (Fig. 5, a); the opaque medium remained 
inert in it for over 20 minutes, after which time the 
examination had to be discontinued because of the weak- 
ness of the patient. Four days later the symptoms had 
subsided during rest in bed; re-examination showed that 
both the gaseous distention and the duodenal stasis had 
disappeared (Figs. 5, b and 6, b). But on intravenous 
urography, gas reappeared in the small intestines 7 min- 
utes after injection of the dye (Fig. 6, c). Further study 
revealed an infection of the right renal pelvis with strep- 
tococci and Bacillus coli. The infection was treated, and 
the symptoms so far have not recurred. 

Incidentally, this observation throws some light on 
mechanisms of duodenal stasis discussed recently (12). In 
a man 37 years old, referred because of obscure abdominal 
colic, retrograde pyelography with 12 cubic centimeters of 
Cameron’s solution did not elicit gaseous distention; but 
12 hours after oral administration of a gall-bladder dye 
the dependent duodenum filled with gas and the intestines 
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Fig. 6. A case of pyelitis referred to in text. a, Intes- 
tines atonic and filled with gas. b, Four days later, in the 
absence of pain, the intestinal tract is shown to be almost 


were dilated with it (Fig. 7). Three weeks later the gall 
stone visualized was removed from the badly infected 
gall bladder. 


These observations are examples to show that 
the inhibitory reflex responsible for intestinal 
atony and gaseous distention is elicited most 
easily, and sometimes exclusively, by stimulation 
of the diseased organ itself, but less commonly by 
that of a neighboring healthy viscus. Stimulation 
may be chiefly chemical, as in cholecystography 
and intravenous urography, or chiefly mechanical, 
as in distention of the renal pelvis with Cameron’s 
solution or oxygen. But clearly the diseased organ 
must be capable of responding to mechanical 
stimulation. Thus, in excessive degrees of hydro- 
nephrosis, mechanical distention of the enlarged 
renal pelvis may fail to excite the reflex respon- 
sible for atony and gaseous distention (Fig. 9, 
e and f). On the other hand, these signs are espe- 
cially marked during the first acute stage of the 
diseases involved, when the affected viscus, not 
yet being accustomed to its morbid condition, as 
it were, responds almost violently to the disease 
as well as to interferences. This occurs, for 





a 

Fig. 7. A case of gall-bladder disease referred to in the 
text. a, Normal amount of gas in the intestines, not in- 
creasing during overiilling of left renal pelvis by retrograde 


c 


free of gas. c, Gaseous distention recurs 6 minutes after 
the intravenous injection of 20 cubic centimeters of hip- 
puran. 


instance, in the presence of concretions still very 
small. This variability of response accounts for 
the mischief that gas is abundant precisely when 
its presence interferes most thoroughly with the 
roentgenological examination. 


RELATIONS BETWEEN GASEOUS DISTENTION 
AND ITS CLINICAL SYMPTOMS 


While one main type of gaseous distention 
seems to be the result of acute intestinal atony, 
the scarcity of gas in the stomach or intestines in 
cases of distention has still to be considered. 

During an abdominal operation, or immediately 
after it, the atonic intestines begin to fill with gas, 
as easily demonstrable on percussion. But for at 
least 20 hours, gas pains do not commonly appear 
(13). They set in after this time and are usually 
followed by the first sign of recovery, passing of 
some gas. In a majority of patients the distress 
begins at night, that is, according to the fore- 
going, during the period at which the normal 
intestines also are wont to eliminate gas. 

Another type of gas pains, the colica flatulenta 
of the older clinical literature, occurs spontane- 
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OPPENHEIMER: GAS IN THE BOWELS 
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Fig. 8. a, Very large gas bubble in a healthy student not conscious of any symp- 
toms. b, In a man with uncontrollable belching due to severe gastritis, the gas bubble 


is conspicuously small. 


ously. In the 6 cases observed by the author, the 
excruciating pain awakened the patients at night 
once or twice a year. During this attack, the 
pulse is feeble, respiration is accelerated, there is 
marked pallor, and sometimes profuse perspira- 
tion. The condition resembles most a renal colic, 
but there is neither tenderness, nor anuria, nor 
any other sign typical of urinary disease. The 6 
persons observed, 3 males and 3 females, were 
between 30 and 40 years old; all of them were 
high-strung, and 2 had gone through a nervous 
breakdown shortly before the onset of the colics. 
In 3 cases, roentgenographic examinations could 
be made during the attacks and at intervals 
between them. Gas was seen in the splenic flexure, 
but its volume was not larger during the attacks 
than during the intervals, nor larger than in 
healthy persons. During the attack, however, 
there was a persistent longitudinal contraction of 
the descending colon (corde colique) which was 
not seen during the intervals. Two of the patients 
were infested with Endameba histolytica; in 2 
others, mucus was much increased in the stools. 
It has been stated that an especially acute angula- 
tion of the splenic flexure is responsible for the 
symptoms, as it may cause gas to be trapped in 
this region; major surgical procedures have been 
performed upon this hypothesis. In too unselected 
cases such an angulation was found in 28 instances 
in the absence of any pain. 

In patients with persistent or uncontrollable 
belching there is usually very little air in the 
stomach (Fig. 8, b). The symptom may be 
observed in severe gastritis, and sometimes as 
the first manifestation of gastric cancer or its 
recurrence after resection. Healthy persons who 
belch habitually are usually people who eat their 
0d very hot. They protect tongue and palate 


by enveloping, as it were, the hot material with 
a layer of air which they suck or swallow together 
with the food, hence the musical performance 
offered on this occasion. The man who sings his 
soup excites his gastric mucosa thermically and 
his gastric muscle mechanically; the combined 
stimulation results in belching. But in routine 
examinations of goo healthy medical students and 
student nurses, a very large gas bubble, occupying 
almost the whole left upper quadrant (Fig. 8, a), 
was noted in 28 instances in the complete absence 
of any distress or belching. 

Clinical observations and electrocardiographic 
examinations have led some authors to conclude 
that increased gas in the stomach or splenic 
flexure may be responsible for cardiac symptoms 
or aggravate them. On the other hand, when 
belching is frequent in cardiac patients, there is 
commonly not much air in the stomach. Athletes 
know that belching after exercise may be a sign 
of exhaustion. This is in accord with the follow- 
ing observation: Of the 7 middle aged patients 
seen in whom a gastrocardiac syndrome had been 
diagnosed by eminent specialists, none survived 
the 3 years following the onset of symptoms. Six 
died of coronary occlusion, and one succumbed 
to a peculiar type of general paralysis probably 
caused by cerebral and coronary sclerosis. Hence 
the question may be asked whether gastrocardiac 
syndrome is not a manifestation of cardiac disease 
rather than its cause. 

Summing up these observations on gas pains, 
flatulent colic, belching, and gastrocardiac syn- 
drome, the common denominator seems to be a 
disproportion between the amount of gas present 
and the contractility of the intestinal muscle. 
Postoperative gas pains set in with the beginning 
effort of the recovering bowel to expel the gas 
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Fig. 9. A case of pyelitis before, a, and during, b, retro- 
grade pyelography. Insertion of the ureteral catheter 
elicited gaseous distension. A case of renal calculosis 
before, c, and during, d, intravenous urography. Intra- 


accumulated during a period of atony. In flatulent 
colic and persistent belching, gas is not commonly 
increased, but the intestinal muscle is hypertonic 
or otherwise irritable. Experimental distention 
of a normal intestinal segment elicits severe dis- 
tress (15). Indeed, in the conditions usually 
referred to increased gas, one often finds a 
reversed picture of that real gaseous distention 
which occurs during renal or biliary colic. In the 
latter, gas expands into the intestines which are 
widened by atony; in the former, gas is com- 
pressed, as it were, by increased muscular con- 
tractions. Accumulation of gas aggravates atony 
by interfering with intestinal blood circulation (8, 
19); a vicious circle begins with atony and leads 
back toit. But the sensation of distention is pro- 
duced chiefly by pressure of the gas upon which 
the intestinal muscle responds; unless gas is exces- 
sive, thissensation is not elicited in an atonic bowel. 

Generally speaking, gas in the bowels does not 
cause pain unless the intestines are incapable of 
expelling it and at the same time sufficiently con- 
tractile to be stimulated by it. In other words, it 
is the tone of the intestinal muscle which deter- 
mines the presence or absence of pain. 





venous injection of the dye elicited gaseous distention. A 
case of severe right hydronephrosis before, e, and during, 
f, the process of retrograde pyelography. No gaseous dis- 
tention occurred. 


What “tone” is cannot be expressed easily. One 
may compare it to the tension of a drumhead. If 
this is high, the drumbeat will be elicited readily 
by slight strokes of the drumstick; if there is no 
tension, heavy strokes will not result in an actual 
sound. In this simile, in which the tension of the 
drumhead is the intestinal tone, the drumstick 
represents the intestinal contents, and the drum- 
beat the intestinal activity. The 3 variables are 
interrelated and may combine in many ways. 


THE PROBLEM OF THE ORIGIN OF THE GAS 


No attempt has been made here to elucidate 
the origin of intestinal gas, since our studies were 
confined to the mechanisms of distention. It is 
held that most of the gas consists of air swallowed 
or sucked (4, 5, 6, 7, 19). Our observations on 
newborn infants confirm the view that air enters 
the stomach with the first breath (4). In adults 
some gas can be seen to pass through the pylorus; 
some of it results from fermentation and putre- 
faction (15, 16); and most of it seems to be con- 
trolled by the respiration of the intestines. Thus 
the old theory that the intestinal tract takes part 
in respiration seems to become valid in the light 





or 
in 
fre 
ma 
mu 
als 
stir 
gas 
of 
set 
I 
sho 
cat 
am 
tha 
mo! 
fact 
abn 
the 
tole 
ren 
mer 
Vici 
to € 
as 


colo 








a EE ———EEEEEEEEEEs 


ee oe 








of recent investigations. This part of the problem 
is beyond roentgenological limits. The author 
did not find gas increased in cases of pneumonia 
in adults. In young children, the intestines are 
normally filled with gas. This may perhaps 
prove to be important in the future, in view of 
the fact that in early childhood some organs may 
retain or resume atavistic functions at certain 
periods of disease. 

The above studies in man have not been ampli- 
fied or confirmed by experiments in animals. The 
ligestive tract of man differs essentially from that 
of animals, owing to the influences of domestica- 
tion, of feeding habits, and of the upright posture. 
lo problems like non-surgical meteorism, con- 
clusions derived from surgical interferences on 
inimals cannot be applied without some reserve. 
The work of Barclay and of Hurst, as well as the 
author’s previous reports, suggest that the appli- 
cation to clinical medicine of conceptions derived 
from animal experiments has often delayed real 
progress. Hence, information on the normal and 
pathological physiology of man had best be 
obtained in man. The observations above re- 
corded merely confirm clinical experience by adding 
some objective findings to the much undervalued 
knowledge that is based on clinical impressions. 


THERAPY 


Gaseous distention consists either in meteorism 
or in flatulence. Meteorism means increased gas 
in the intestines; flatulence signifies increased or 
frequent expelling of gas per rectum. Meteorism 
may be a cause of flatulence when the intestinal 
muscles are normally active; but flatulence may 
also occur when normal amounts of gas suffice to 
stimulate an irritable bowel. The sensation of 
gaseous distention depends chiefly upon the tone 
of the intestinal or gastric muscles, as already 
set forth. 

In determining the appropriate treatment, one 
should bear in mind that flatulence usually indi- 
cates either that gas is produced in too large 
amounts in a digestive tract otherwise normal, or 
that an irritable tract responds by increased 
motor activity to the presence of gas. The two 
factors combine quite commonly (18); forexample, 
abnormally increased fermentation may irritate 
the colon when the acid material is not well 
tolerated by it; or an acute indigestion may 
render the intestines sensitive to degrees of fer- 
mentation normally tolerated, whereupon a 
vicious circle may be set up. Hence, it is advisable 
to eliminate from the diet fermentable material 
as well as substances which may stimulate the 
colon mechanically. It is not necessary, and often 
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Fig. 10. Roentgenograms of specimens of colon and small 
intestines removed 4 hours after death. No gas was 
insufflated, but the intestinal sections were ligated on either 
end before removal. Illustration shows the appearances 
typical of complete atony. 


not adequate, to prescribe cathartics or other 
cleansing procedures; the colon needs cleansing 
very rarely anyway. Preparations containing 
diastatic enzymes are useful, but should be given 
preferably in liquid form. Fermentative indiges- 
tion is often associated with low gastric and 
intestinal secretory function, in which case drug 
coatings otherwise soluble may not be digested. 
Evidently when fermentation or irritability are 
part of some systemic disease, the latter has to 
be treated. 

Meteorism, unless associated with flatulence, 
usually indicates diminished motor activity of the 
intestines, or of parts of them (8). Besides the 
acute abdomen and the reflex conditions here dis- 
cussed, meteorism may occur in cardiac failure, 
portal congestion, abdominal shock, and other 
diseases in which blood circulation is altered in 
the intestines. The author found short-wave 
treatment useful in meteorism, probably because 
of the known effect of this therapy upon the local 
blood supply. When this improves, meteorism 
usually subsides by itself. As pointed out else- 
where (10), injection of postpituitary extracts is 
not always innocuous. In previous experiments, 
it was found that the colon does not respond to 
postpituitary extracts when it is physiologically 
contracted (10); recent observations suggest that 
it may also fail to respond when atonic (Fig. 1, d). 
The excellent results of elimination of gas by suc- 
tion (19) need not be discussed here. 


SUMMARY 


1. Both the amounts of gas present in the 
bowels and the symptoms induced by it depend 
on the intestinal tone. 

2. Normally, by exciting peristalsis, gas is 
expelled almost automatically when it exceeds a 
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certain volume. Hence gas is not found increased 
within the normal bowels when it is produced 
abundantly, e.g., by fermentation. 

3. When the intestinal wall is irritable and 
hypertonic small amounts of gas suffice to stimu- 
late peristalsis and tend to be eliminated, this is 
felt as distention. Hence little gas is found, as a 
rule, in patients who complain of distention. 

4. In the absence of pain and flatulence, exces- 
sively large amounts of gas may fill the intestines 
when the bowels are atonic, owing to inhibitory 
reflexes which arise, for instance, in renal or 
biliary colic, pyelitis, appendicitis, etc. 

5. Such an acute atony with sudden expansion 
of gas was produced experimentally in man by 
chemical or by mechanical stimulation of the 
viscus affected. 

6. In the presence of gaseous distention distress 
and pain occur chiefly when the intestinal muscles 
are still contractile or when they resume normal 
motor function after a period of atony. 

7. Experiments in man show that the gas 
which obscures the viscera on roentgenograms of 
patients with colicky pain is a sign of intestinal 
atony, but not the result of increased fermenta- 
tion. Waiting until the colic subsides is the best 
method of getting rid of this gas. 

8. Persistent belching and gastrocardiac syn- 
drome are independent of the amount of air 
present in the stomach. Observations are reported 
which suggest that gastrocardiac syndrome is a 
manifestation rather than a cause of cardiac 
disorder. 

9. Meteorism not associated with pain is best 
treated by methods which improve the blood cir- 
culation in the abdomen. Flatulence due to fer- 
mentation or to colonic irritability is controlled 
by dietary measures, but not by cathartics and 
other cleansing procedures, since these tend to 
increase the irritation. 

10. In view of the above results, the old clinical 
distinction between meteorism, increased volume, 
and flatulence, increased elimination of gas, 


should be re-established, since the two conditions 


have little in common. 
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THE MANAGEMENT OF DIVERTICULUM OF THE BLADDER 


Ninety-Six Patients Treated by Transurethral Prostatic Resection 


GERSHOM J. THOMPSON, M.D., F.A.C.S., LOUIS H. KERMOTT, M.D., and 
HUGH CABOT, M.D., F.A.C.S., Rochester, Minnesota 


P to 1906 only 5 cases of diverticulum 
of the urinary bladder had been re- 
ported in the American literature, but 
since then improved diagnostic meth- 

ids have resulted in the recognition of diverticula 
in a large number of cases. 

In structure, vesical diverticula may be large or 
small, single or multiple. Various depressions of 
the wall of the bladder often have been called 
“false diverticula” because they sometimes are 
deep and in some respects resemble true diverti- 
cula. True diverticula contain all coats of the 
bladder. The mucous membrane lining of a di- 
verticulum is usually thin; the submucous coat 
also may be thin, but in many instances there is 
considerable inflammation which causes thicken- 
ing of the wall, and this thickening is often 
proportionate to the amount of inflammation 
present. There may be variations in the thickness 
of the wall in different portions of the same 
diverticulum. The muscular layers vary in thick- 
ness and may be very thin, but some muscle fibers 
are always present. Muscle fibers are especially 
abundant at the orifice of the diverticulum, and 
some observers have mistakenly considered them 
to be sphincters. The size of the diverticulum may 
vary from that of an acorn to that of the bladder 
itself; it may be even larger. The most common 
situation of a diverticulum is near one of the 
ureteral orifices. Diverticula never arise directly 
from the trigonum vesicz, although they are fre- 
quently encountered extending from the upper 
and lateral margin of the trigonum. 

CAUSATION 

In 1913, one of us (1, 2) suggested that the 
word “diverticulum” should be confined to those 
pouches always of congenital origin, occurring 
most frequently in certain regions of the bladder, 
but occasionally encountered in almost any por- 
tion of it and not referable to defective develop- 
ment or lack of closure of any recognized structure. 

Watson, in 1920, as a result of observations on 
fetuses concluded that “‘certain factors are present 
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which may be of importance in determining the 
formation of diverticula.” He further stated: 
“The site of transition from the trigone, with its 
thick musculature and its covering of many layers 
of epithelial cells, to the lateral bladder wall with 
only two or three layers of epithelial cells is prone 
to produce a ridge-like demarcation which read- 
ily lends itself to the formation of an excess of 
epithelial tissue. The apposition then of two sur- 
faces of the bladder wall denuded of epithelium, 
at a time when true formative growth is active, 
results first in adhesions and later in a true attach- 
ment of a bridge of tissue across a portion of the 
vesical cavity. The growing submucosa and mus- 
cularis become continuous from the finger-like 
evaginations with that of the opposite side, and 
in the older specimens this ridge of tissue is shown 
to contain all three layers of the muscular coats 
of the bladder. The mucosa in its growth then 
becomes continuous from the finger-like evagina- 
tions with that of the opposite bladder wall, and 
there is formed a true pocket within the bladder, 
the walls of which haVe all the essential elements 
of the true bladder wall, namely, the three muscu- 
lar coats, the submucosa and the:mucosa.” 

Ward stated that diverticula were usually dis- 
covered in people past middle age and more fre- 
quently in the male, which suggested that their 
clinical recognition was hastened and their size 
was increased by any obstruction at the vesical 
neck which would bring about increased activity 
in the bladder musculature. It is interesting to 
note that patients afflicted by diverticulum of the 
bladder often have other conditions, such as in- 
guinal hernia or diaphragmatic hernia, which indi- 
cate congenital weakness of the tissues. 

TREATMENT 

In 1918, Judd stated that the only satisfactory 
treatment of diverticula of the urinary bladder is 
radical excision, which should be followed and 
never preceded by prostatectomy. In some in- 
stances he combined the 2 procedures into a one 
stage operation. Except in occasional cases, we 
believe that when suprapubic prostatectomy and 
diverticulectomy are necessary, they should be 
done as a two stage operation and that diverti- 
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Fig. 1. Cystogram showing multiple diverticula. The 
prostate gland, which weighed 69 grams, was removed by 
means of a 2 stage, suprapubic prostatectomy; the diver- 
ticula were not removed. 


culectomy should always be the first stage pro- 
cedure. In contrast, Howard stated in 1928 that 
the surgeon might first relieve the obstruction at 
the vesical neck by prostatectomy and subse- 
quently treat the diverticulum surgically if symp- 
toms persisted. 

Kutzmann has stated that “Diverticulum of 
the urinary bladder is treated most satisfactorily 
by the correction of the obstructing factors, only 
such diverticula being individually treated as may 
be of the retention type, or of a large size.”” He 
reported 15 cases in which the patients were 
treated by bladder-neck punch operations (11 
open and 4 closed); for another patient prostatic 
resection was done with the high frequency loop. 
In reply to follow-up letters, most of Kutzmann’s 
patients reported satisfactory results as evidenced 
by a marked diminution in symptoms and infec- 
tion of the urinary tract, disappearance of residual 
urine, and distinct gain in general health. 

Ward recently reported 53 cases of diverticulum 
of the urinary bladder and concluded that ‘‘Cure 
is effected by diverticulectomy, combined with 
treatment of obstruction if present. A careful 
search for this must always be made.” In his 
series, 4 attempts were made to treat the condition 
by transurethral resection alone and all were 
unsatisfactory. One patient died and the others 
required diverticulectomy at varying intervals 
after resection. 


Thus, there are two general doctrines: (1) per 
form first, diverticulectomy and at a later date 
suprapubic prostatectomy, thus involving longe 
hospitalization, greater risk, and more expense, © 
(2) remove the obstruction of the vesical neck b 
transurethral resection and subsequently treat th 
diverticulum according to the patient’s symptoms, 
a course which, in our experience, involves much 
less risk. 

For the sake of comparison, we have reviewe:| 
the histories of 14 patients suffering from diver 
ticulum of the bladder who were treated only by 
prostatectomy. The average age of these patients 
was 66.6 years. Each had a long history of urinary 
obstruction associated with frequency, nocturia, 
and difficulty in voiding. Seven of them suffered 
from complete urinary retention. Examination of 
the prostate by way of the rectum disclosed en- 
largement which could be regarded as average for 
the majority of patients. In the bladders of the 
patients having incomplete retention, the average 
amount of residual urine was 278 cubic centi- 
meters. The average value for blood urea was 44.5 
milligrams per 100 cubic centimeters. Seven of 
the 14 patients had multiple diverticula of medium 
size (Fig. 1). The average weight of prostatic 
tissue removed by enucleation was 36.1 grams. 

A follow-up study of these patients 2 years 
later disclosed that 1 had died from a cause unre- 
lated to the urinary tract. In most instances, the 
postoperative convalescence was eventful and sev- 
eral patients suffered from epididymitis and cys- 
titis shortly after dismissal from the hospital. 
Generally, 6 to 8 months were required before 
they were apparently well and feeling comfortable. 
None of these patients was subjected to diver- 
ticulectomy, either prior to or in conjunction with 
prostatectomy. In cases such as these, even 
though the patients finally seem well, there might 
develop in the diverticulum at a later date a 
condition requiring its removal. It is important 
to remember that diverticulectomy, undertaken 
after suprapubic prostatectomy, is an operation 
considerably more serious than primary diver- 
ticulectomy, for the marked pericystic adhesions 
which inevitably follow suprapubic prostatectomy 
increase the technical difficulties and hence the 
risk of operation. 

At The Mayo Clinic in recent years diverticu- 
lectomy has been done infrequently, in fact, rarely 
for patients of advanced age. Instead, these 
patients have been treated by removing the ob- 
struction at the vesical neck by transurethral 
resection. A series of 96 cases in which the 
patients were operated upon transurethrally dur- 
ing the years, 1932 to 1937 inclusive, forms the 
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basis for this report. Although these patients 
vere known to have one or more diverticula, they 
vere treated by transurethral prostatic resection, 
‘ither the Thompson or the Braasch-Bumpus 
esectoscope being used. The average age of these 
patients was 65.3. Forty-one of the 96 were 70 
ears of age or older. All had pyuria. The average 
irea value was 40.5 milligrams per 100 cubic centi- 
neters of whole blood. On rectal examination, 
he prostate glands of 88 of 96 patients were 
egarded as small or of moderate size. This is an 
nteresting observation, because it is mistakenly 
elieved by some observers that the prostate 
sland is large in patients of this type. The average 
imount of residual urine was 568 cubic centi- 
neters. This includes 10 cases of complete reten- 
tion in which the patients had huge, overdistended 
bladders. All the patients had one or more di- 
verticula (Fig. 2). 

We have made an arbitrary division of the 
diverticula into small, medium, and large. There 
were 24 cases of small diverticula, which varied 
from 1 centimeter to about 3 centimeters in 
diameter. There were 55 cases of medium sized 
diverticula which varied from 3 centimeters to 
about 8 centimeters in diameter. In the 17 re- 
maining cases the diverticula were about equiva- 
lent to the bladder in size and capacity. 

These patients presented no associated lesions, 
such as carcinoma of the prostate gland or epi- 
thelioma within the bladder or within the diver- 
ticulum. The average amount of prostatic tissue 
removed at operation was 18.6 grams. - This 
amount compares favorably with the average 
amount removed by suprapubic prostatectomy 
from the patients here discussed and with the 
average removed in any large series of transure- 
thral prostatic resections performed on patients 
who do not have a diverticulum. 

The immediate postoperative course for each 
patient was smooth and seemed essentially similar 
to that of any other patient subjected to trans- 
urethral resection, uncomplicated by the presence 
of a diverticulum. For 10 patients it was neces- 
sary to do 2 transurethral resections and for 1 
patient 3 resections were done. These were per- 
formed at short intervals during one hospital con- 
finement. For 8 of these patients the surgical risk 
was considered to be high because of the existence 
of hypertension and hypertensive cardiac disease. 
Several others had complications such as obesity, 
diabetes, carcinoma of the jaw, and Parkinson’s 
disease. The patients were observed daily in the 
office after they left the hospital. The average 
amount of residual urine of all patients at the time 
oi dismissal from our care was 47.3 cubic centi- 
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Fig. 2. Excretory cystogram showing a large diver- 
ticulum arising from each lateral wall of the bladder. The 
diverticula were not removed; transurethral resection of 
prostatic tissue weighing 51 grams was performed. 


meters. All the patients were voiding comfortably 
and with few exceptions stated they were at that 
time almost completely relieved of their urinary 
complaint. 

After carefully comparing these 2 groups of 
patients, the first group managed by suprapubic 
prostatectomy alone and the second group by 
transurethral resection, we believe that the latter 
operation is the one of choice and that with rare 
exceptions it should be performed first for all 
patients having diverticula and followed later by 
diverticulectomy if the subsequent course of the 
patient indicates the need for such an operation. 
For the majority of patients removal of the diver- 
ticulum, according to our experience thus far, will 
not become necessary. It should be noted that 
transurethral resection, in contrast with supra- 
pubic prostatectomy, in no wise increases the 
difficulty or danger of subsequent diverticulec- 
tomy. 

At The Mayo Clinic during the 6 years, 1932 to 
1937 inclusive, even though an increased number 








Fig. 3. Cystogram showing a large diverticulum which 
had a small tight orifice. Diverticulectomy was performed. 


of patients suffering from urinary obstruction were 
treated, only 30 primary and 5 secondary diver- 





Fig. 4. Excretory cystogram showing a dumbbell shaped 
stone, one end of which is within a diverticulum. Diver- 
ticulectomy and removal of the stone were performed. 
The smaller knob of this stone which projects into the 
bladder has broken off and is obscured by the media. 
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ticulectomies were performed. In comparison 
during the 6 year period, 1926 to 1931 inclusive, : 
period which was prior to the advent of transure 
thral resection, 107 diverticulectomies were per 
formed. Thus, it is evident that many patient 
who have vesical diverticula live comfortably afte) 
transurethral resection alone has been carrie 
out. 

As to the present indications for diverticulec 
tomy, we believe there are some rather definit« 
types of cases in which diverticulectomy should 
be strongly considered. These are as follows: (1 
When the diverticulum is of medium or large siz 
with a very small tight orifice through which 
drainage is unsatisfactory (Fig. 3) ; (2) in relatively 
young men having fair sized diverticula, even 
though there are no definite symptoms, but in 
whom the diverticula do not drain well after 
transurethral resection of the prostate; (3) when 
there are complicating factors such as stone (Fig. 
4) or carcinoma of the diverticulum; and (4) when 
ureteral obstruction is caused by an adjacent 
diverticulum, and hydro-ureter and hydronephro- 
sis result (Fig. 5). Occasionally, nephrectomy will 
be necessary for such patients. 


Fig. 5. Excretory urogram showing a diverticulum caus- 
ing ureteral obstruction. The ureter, in its lower third 


portion, was as large as the small intestine. At oper- 
ation nephroureterectomy and diverticulectomy were p«r- 
formed. 
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THOMPSON et ALt.: MANAGEMENT OF 
FOLLOW-UP STUDY 

In order to check on this group of 96 patients, 
etters were sent to them inquiring about their 
reneral health and the status of their urinary 

ract. This method is not very accurate, but it 
srovides information of some value. 

Forty-three patients of the group of 96 stated 
hat they had no trouble at all in urinating. The 
thers reported in a more qualified manner by 
aying that “most of the time’’ they had no 
‘rouble in voiding. Others said there was occasion- 
lly some sensation of burning on urination and a 
ew had definite difficulty. As to the appearance 
f the urine, 37 patients said their urine was 
clear.’’ Nine patients said their urine was defi- 
‘itely dirty, while the others said their urine 

appeared to be hazy, or occasionally hazy, or 
icasionally dirty. 

Concerning residual urine, of 29 patients who 
gave a definite reply on this point, 8 patients had 
no residual urine when examined by a physician. 
The bladders of 15 other patients at catheter- 
ization disclosed residual urine under too cubic 
centimeters in amount. Six patients stated that 
catheterization had revealed residual urine in 
quantities from 1co to 200 cubic centimeters. 
Several other patients gave vague reports con- 
cerning the question of residual urine or reported 
that they had no reason to suspect that any 
existed. A few patients had been checked by a 
physician but were not informed as to the amount 
obtained by him. Several patients thought that 
at times the bladder seemed to fail to empty 
completely, while at other times urination seemed 
complete. 

Thus, it appears that the majority of these 
patients state that they “can urinate all right”’ 
and that although a number of them have small 
amounts of residual urine, symptoms which the 
home physician thought sufficiently important to 
require the patient to return to the clinic with a 
view to surgical treatment, have not appeared. 

Of particular interest are the 17 patients having 
large diverticula. Only one man in this group 
experienced trouble after going home. He was 58 
years of age and had 2 diverticula of large size, 
and although urinary difficulty has been elimi- 
nated, he probably will need diverticulectomy. 
He intends to return shortly for further study. 
The 16 other patients who had large diverticula 
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now have intermittent complaints of a very minor 
nature which are being easily managed by their 
home physician. The majority of them are pa- 
tients 70 years of age and more who readily agree 
with their family physician and the authors that 
the small amount of residual urine occasionally 
found is unimportant. 


SUMMARY AND CONCLUSIONS 


1. Diverticulum of the urinary bladder is of 
congenital origin and generally causes no symp- 
toms until obstruction develops at the vesical 
outlet; the obstruction usually is caused by benign 
prostatic hyperplasia, but may be the result of 
contracture of the vesical neck, congenital ob- 
struction, or prostatic carcinoma. 

2. If the obstruction at the vesical outlet is to 
be removed by suprapubic operation, it is best to 
precede this operation by diverticulectomy, gen- 
erally as a first stage procedure. 

3. In the large majority of instances, thorough 
transurethral resection of the tissue obstructing 
the vesical neck will relieve the patient’s symp- 
toms and diverticulectomy will not be required. 

4. If the patient’s symptoms are not satisfac- 
torily relieved, diverticulectomy can be done sub- 
sequent to transurethral prostatic resection; the 
latter operation in no way adds to the technical 
difficulty of removing the diverticulum. 

5. An analysis of the results obtained for 96 
patients who were treated only by transurethral 
resection of the obstruction at the vesical neck 
warrants the conclusion that in the age group of 
patients likely to have prostatic disorders, the 
risk, discomfort, and prolonged hospitalization 
incidental to diverticulectomy can almost always 
be avoided. 
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RESULTS OF AMNESIA AND ANALGESIA IN 175 CONSECUTIVI 
CASES OF LABOR 


A. T. LUNDGREN, M.D., F.A.C.S., and WILLIAM A. BOICE, M.D., 
Chicago, Illinois 


N the early nineteenth century Sir James Y. 
Simpson and Walter Channing (10), were the 
first men to make a real attempt to relieve 
the pain of labor. There has been consider- 

able controversy since then regarding the advan- 
tages of the production of complete amnesia and 
analgesia during labor. From a review of the 
more recent literature we find that the obstetri- 
cians who have given this method a fair trial in a 
series of consecutive cases have obtained results 
which would warrant its further employment 
(2, 4-9, 12, 16-20). Whereas the ideal analgesic 
has not yet been found and the results have not 
been perfect, experience in this field has shown 
that persistent efforts toward attaining an ideal 
analgesic ultimately should prove successful. 

We are presenting our experience in the produc- 
tion of amnesia and analgesia during labor as 
being indicative to some extent of its efficacy, and 
also in the hope that it might be added to the 
series of cases favoring analgesia in labor already 
reported in the literature. From our experience 
we are firmly convinced that this plan of treat- 
ment can be followed with safety both for the 
mother and the infant. 

In our use of the term analgesia we refer to the 
standard definition of the absence of sensibility to 
pain; whereas amnesia has been defined as the 
loss or lack of memory, especially the inability to 
remember. 

One hundred seventy-five patients have been 
treated with varying combinations of drugs in the 
attempt to induce amnesia and analgesia. The 
first group was given pentobarbital sodium in 
doses varying from 6 to 74 grains by mouth and 
1/150 grain scopolamine subcutaneously follow- 
ing the method described by Irving. The second 
group was given 3 grains of pentobarbital sodium 
by mouth followed by 5 drams of paraldehyde in 
5 drams of aromatic elixir orally as described by 
Douglass and Peyton (8). The third group re- 
ceived varying doses of pentobarbital sodium 
alone. A few patients in whom there was extreme 
restlessness, were given a combination of ether, 
paraldehyde, and olive oil per rectum. All of the 
patients were given either a combination of 

From Augustana Hospital. 


nitrous oxide and oxygen by inhalation or dro) 
ether at the time of delivery. 

The object of the procedure is to secure com 
plete amnesia from the time the drugs are firs! 
administered until the patient awakens in he: 
room following her delivery. In primipare the 
indications for medication are as follows: good 
contractions at 3 to 5 minute intervals and dilata- 
tion of the cervix of from 2 to 3 fingers. In multip- 
are the medication is begun when there is about 
2 fingers’ dilatation of the cervix regardless of the 
frequency of the pains. It has been noticed that 
in cases in which the patient is complaining of 
pain before the cervix has reached the dilatation 
described it is possible to get better results if the 
drug is given early, provided, of course, the pa- 
tient is in active labor. A nurse is in constant 
attendance at the bedside from the time the first 
dose of pentobarbital sodium is administered un- 
til the patient awakens in her room. 

In our series of 85 primipare and go multipare, 
the best results with relation to amnesia and 
analgesia were obtained in the group which re- 
ceived pentobarbital sodium and scopolamine, 
and the duration of labor and the average time 
between the administration of the medication and 
delivery were the shortest. Complete or partial 
amnesia was obtained in 100 percent of the primip- 
are and 96.7 per cent of the multipare. The 
average duration of labor for the primipare was 
12.4 hours as compared to g.6 hours for multip- 
are; and the primipare were under the influence 
of analgesics 6.5 hours, whereas the multipare 
were under analgesics only 3.4 hours. These re- 
sults are in agreement with the work of Irving 
and his co-workers, Grier, Gould and Hirst, and 
Hunt. Four primipare in this group were classed 
as morbid by the standards of the American Com- 
mittee on Maternal Welfare. The 4 patients 
exhibiting a degree of restlessness requiring addi- 
tional medication were in this group of the multip- 
are. The 3 fetal deaths in this group cannot be 
traced to the use of the analgesic. 

The duration of labor and the length of time 
from the administration of the medicine until <le- 
livery were the longest in the group receiving lie 
combination of pentobarbital sodium and par.l- 
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dehyde in aromatic elixir by mouth. The duration 
of labor for the primiparz was 23.3 hours as com- 
pared to 11.9 hours for the multipare. The 
primiparee were under analgesia on the average of 
10.6 hours whereas multipare were under the in- 
fluence of drugs 5.7 hours. 

The results were the poorest with regard to 
amnesia in the group receiving pentobarbital sodi- 
um in doses varying from 3 to 7% grains. Com- 
plete or partial amnesia was obtained in 54.4 per 
cent of the cases in the primiparz and 60.7 per 
cent of the multipare. Three patients were 
classed as morbid in this group and there were 3 
fetal deaths. 

The involuntary reactions of a patient in an 
amnesic state necessitate its contra-indication in 
patients denied the constant supervision of a 
trained nurse or physician. This is important to 
avoid self-injury or self-contamination of the pa- 
tient, for even though she appears quite relaxed, 
she may be having strong uterine contractions. 
This procedure is contra-indicated in patients who 
have suffered recent upper respiratory infections, 
as this precludes the use of an inhalation anesthe- 
sia. Recent ingestion of food is to be avoided by 
patients if this medication is anticipated, as 
vomiting with resulting aspiration of the vomitus 
might occur due to the diminution of the gag re- 
flex. Galloway et al. (12) add to the above contra- 
indications, prematurity and heart disease. We 
do not think that patients with heart disease 
should be denied the use of the analgesic, as it 
enables them to rest between pains, thus conserv- 
ing their strength; and we believe that such pa- 
tients should be delivered by prophylactic low 
forceps as soon as dilatation is complete. It did 
not seem to us that the use of the analgesic inter- 
fered in any way with the safety of the premature 
babies in our series. 

Since the ideal analgesic has not been found, 
obstacles will be encountered, which, we believe, 
with improvement in technique will be greatly 
diminished. As Bill has so aptly stated, “the real 
question today is not whether to make labor pain- 
less but how to do this in the best way.”” Among 
the more common objections to this procedure is 
the asphyxiated condition of the infant. Although 
26 of the infants in our series required resuscita- 
tion by means of tracheal catheter, there were no 
serious cases, and no fetal deaths in the group can 
be attributed to the drugs used. Similarly, Colvin 
and Bartholomew noted that slight stimulation 
by spanking usually sufficed to establish good 
respiration in the normal, full-term babies who 
exhibited some degree of apnea or sluggishness. A 
brief survey of some of the more recent reports in 
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the literature (3, 6, 7, 8, 16, 19) is in accord with 
our findings as regards apneic babies. Whereas 
some of the mothers have felt rather sleepy during 
the first 24 hours, none have suffered effects more 
serious than this. Every mother in our series who 
has had deliveries both with and without anal- 
gesia is in favor of the method. Other authors, 
Galloway (11), Damon, etc., have reported this 
same reaction of the mothers. 

A frequent objection which arises with regard to 
the employment of analgesia during labor is an 
unusual degree of restlessness observed necessitat- 
ing restraint or a constant attendant to prevent 
serious injury or self-contamination. Although 
this may be partially true, this close attention 
gives the nurse an unparalleled opportunity to 
follow the course of labor. In our entire series we 
observed an exhibition of this reaction only 4 
times, an incidence of 2.3 per cent, which is the 
approximate percentage reported by Daichman 
and Shir. The highest percentage that we could 
find from a review of more recent articles was 
Brown’s series which was 13.8 per cent and the 
lowest was reported by Boylan, 3 cases in 205 or 
1.5 per cent. Colvin and Bartholomew point out 
that restlessness is most marked in highly nervous 
or excitable patients, who would be noisy and 
restless without medication, but whose reaction 
is only accentuated by the administration of 
barbiturates. We have found that this restlessness 
is easily controlled by nurses, and additional 
medication by rectum can be given if necessary. 

The opposition to this method offer as an argu- 
ment that the operative incidence is increased 
under this treatment. In our series of 175 cases 
40.1 per cent of the patients had operative de- 
liveries of which 86 per cent were prophylactic 
low forceps and 14 per cent other types of opera- 
tive deliveries. However, a comparative study of 
74 prophylactic low forceps deliveries and 74 
spontaneous deliveries in our series revealed that 
the prophylactic deliveries have the better results. 
Many men advise prophylactic low forceps in 
every case. Galloway and Smith (12) noted an 
increase in outlet forceps. In their series of 275 
cases 85 per cent were delivered by some operative 
procedure. Of these operative cases 81.2 per cent 
were prophylactic low forceps and 18.9 per cent 
were other operative procedures. Irving reports 
an operative incidence of 35.6 per cent in 860 
cases using 8 different types of analgesics as com- 
pared with an incidence of 44.6 per cent in 1920 
when no relief for pain during labor was at- 
tempted. In the too cases having pentobarbital 
sodium and scopolamine the operative incidence 
was 30 per cent. 
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Our results in general have been in agreement 
with other series reported in that it is possible to 
produce amnesia and analgesia without demon- 
strable harmful effect on either the mother or 
baby. It has not increased the incidence of opera- 
tive deliveries other than a more frequent use of 
prophylactic low forceps. The procedure un- 
doubtedly increases the amount of attention 
which the obstetrician must give to the patient, 
but this can hardly be construed as a criticism of 
the method. We have observed that the patients 
who have received this type of treatment have 
convalesced more rapidly than the others who 
were not so treated, and we have seen no cases of 
mental confusion or depression following the use 
of the medication. 

SUMMARY 

In our series of 85 primipare and go multipare 
treated with varying combinations of drugs to 
induce amnesia and analgesia, complete or partial 
amnesia was obtained in go.3 per cent of the cases; 
whereas poor amnesia was noted in 9.7 per cent. 
The total operative incidence was 49.1 per cent of 
which 86 per cent were prophylactic low forceps 
deliveries. There were no maternal deaths in the 
series. The fetal mortality for the entire series 
was 3.4 per cent and maternal morbidity 4.6 per 
cent. The combination of pentobarbital sodium 
and scopolamine has been most satisfactory in our 
hands. 
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GUNSHOT FRACTURES AND 
THE INFREQUENT DRESS- 
ING METHOD 


OON after our military experience in 
191g, it was suggested that immobili- 
zation in plaster-of-Paris casts and the 

infrequent dressing method be tried in our 
post-war hospitals. A better method was 
needed for the many cases of chronic osteo- 
myelitis for which the antiseptic irrigation and 
dressing methods, then in use, had failed to 
produce cures. 

The program proposed in 1923 was: (1) to 
immobilize the injured or inflamed limb in cor- 
rect length and position on the fracture table 
before operation; (2) to operate with drainage 
as the principal consideration; (3) to dress the 
wound open without sutures or drainage tubes, 
vaseline pack preferred; (4) to put the wound 
and the limb at rest by immobilization in an 
extensive plaster-of-Paris cast with skeletal 
fixation by ice tongs or pins included in the 
cast; and (5) not to disturb the limb and the 
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wound for dressings. This last point was de- 
signed particularly to exclude secondary in- 
fection from the wound area and to afford an 
interval of rest for the limb and the wound in 
correct position. This is important not only 
for healing but to favor circulation and the 
other physiological functions. 

Recently there are many who think that 
wound infection, delayed repair, and even non- 
union of fractures are due to deficient calcium. 
They suggest local injections or general med- 
ication. Dr. Clay Murray of New York points 
out that injections at the fracture site accom- 
plish nothing more than to cause local damage 
and to recreate, in a degree, conditions simi- 
lar to those which followed the fracture. In 
this way, Dr. Murray thinks, a new effort 
at repair may be initiated, but that the chemi- 
cal contribution is unimportant. It would 
seem, really, that it is much better to provide 
correct position of all the parts at once and 
thus encourage proper function in the in- 
jured limb. We have shown that we can do 
this if we use all the orthopedic and other re- 
sources at our command to fortify and protect 
the patient. This is certainly better than it is 
to re-injure the limb, by injection or operation 
later, in an effort to produce conditions as fav- 
orable to repair as those which naturally fol- 
low the primary injury. 

Some of the earliest patients treated by the 
infrequent dressing method, astonished every- 
one by their ability, under the conditions here 
outlined, to recover. Moreover, such clinical 
experiences have now been repeated in many 
countries and on so many occasions that upon 
clinical considerations alone the infrequent 
dressing method has been widely adopted. 
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Now comes a military surgeon! who reports 
1,073 gunshot fractures including 122 of the 
femur, 261 of the upper arm and shoulder, and 
268 of the leg, with only 6 deaths. He does 
not hesitate to attribute his remarkable re- 
sults to the infrequent dressing method and 
goes so far as to say that in his opinion this 
method “‘has given a new direction to surgical 
practice.” 

Two difficulties have obstructed the prog- 
ress of the infrequent dressing method. The 
first is the use of weight and pulley traction. 
Hugh Owen Thomas taught us how to use 
fixed traction in Thomas splints and Sir 
Robert Jones disseminated this teaching even 
to the battle field. But fixed traction has not 
yet been generally adopted and it makes prog- 
ress slowly. Skeletal fixation devices in plas- 
ter will give far better control than elastic 
traction or any adjustable mechanical device. 
To employ weights and pulleys either for pri- 
mary reduction or continuous control, wheth- 
er for days or weeks, is obviously, from the 
physical viewpoint, absurd. 

Trueta had only 6 deaths in his 1,073 cases. 
Moreover, although most of these came from 
the battlefield or were collected in Barcelona 
following air raids, there was an almost com- 
plete absence of gas gangrene in his cases, 
because tissue pockets were left open in the 
wounds and injured extremities were immo- 
bilized at once in plaster-of-Paris casts. Even 
the most severe cases’ were left a week or 10 
days without change and initial healing was 
instituted before there was any repetition of 
trauma (by dressing) or exposure of the wound 
to secondary infection. Tetanus antitoxin was 
given to all of his patients. 

To those who are still concerned about local 
organic or inorganic chemistry (calcium, mag- 
got extract, bacteriophage) in the wound area 


or in the blood, it should be a final answer that 
1J. Trueta. War Wounds and Fractures. London: Hamish Hamilton, 
1939. 


unless the patient’s blood chemistry or body 
metabolism can be shown by the usual clinica] 
tests to be out of adjustment, neither local no 
general therapy will be required. If the sur- 
geon will restore all the injured parts to cor- 
rect position and favor physiological return by 
heat, circulation, and other usual means, the 
local chemistry, not only for repair, but for 
resistance to such infection, as is ineradicable 
by surgery, will take care of itself. 

We should remember that suppurative proc- 
esses stimulate osteogenesis. In compound 
fractures, if anatomical restoration of parts is 
obtained and unless the patient is overwhelmed 
by infection, repair of the fracture and healing 
of the wound will occur as rapidly as in any 
other local traumatic or inflammatory affair. 
The surgeon must “set the limb,” not the 
fracture alone, and then arrange for postoper- 
ative care which will insure the patient against 
local trauma and repeated infections. 

H. WINNETT Orr. 


THE RATIONAL MANAGEMENT 
OF THE MENOPAUSE 

O begin with something of a plati- 

tude, the menopause is one of the nor- 

mal transition phases through which 

every woman must pass if she lives long enough. 

Since the cessation of the menstrual function 

is only one of the manifestations of this tran- 

sition, the term “climacteric,” derived as it is 

from a Greek word meaning “rung of a lad- 
der,” is a better one than menopause. 

The popular concept of the climacteric is 
still heavily laden with fallacies, such as the 
supposed causal relation to cancer and insan- 
ity or the fear that the menopause means the 
end of the woman’s sex life. As a matter of 
fact, there are not a few women to whom 
the climacteric comes as a sort of boon, 
transforming many a thin, scrawny, worried 
mother, after years of childbearing and do- 
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mestic worry, into a plumper, serene type of 
matron, a sort of second flowering. 

What is the cause of the menopause? This 
can be definitely answered by stating that the 
prime cause is the fact that at this time the 
ovary reaches the end of its functional lifespan. 
In spite of the generally dominating control of 
the anterior pituitary over the ovary, the ces- 
sation of ovarian function is not due to cessa- 
tion of hypophyseal gonadotropic activity, 
which continues beyond the menopause. 

The characteristic hormonal picture after 
the menopause, therefore, is an absence of 
estrogen and a persistence and relative excess 
of gonadotropic hormone. The final cessation 
of estrogenic function may be preceded by a 
phase of estrogenic excess, characterized clini- 
cally by functional bleeding. 

There has been some discussion as to wheth- 
er the characteristic vasomotor symptoms are 
due to the increased pituitary or to the de- 
creased ovarian function. While the latter 
is the underlying factor, it seems likely that 
the pituitary overactivity is linked up with 
the immediate mechanism of the symptoms. 
There is considerable evidence to indicate that 
in the pituitary there is a liaison with the 
cerebrospinal nervous system. We are en- 
tirely ignorant as to the pathways between 
the pituitary and the various brain centers, 
such as the vasomotor areas. And yet the 
characteristic vasomotor flushes of the climac- 
teric are closely allied to such vasomotor phe- 
nomena as blushing, and it seems certain that 
the endocrines act by way of the vasomotor 
system to bring about these characteristic 
phenomena. 

The occasional persistence of estrogen in the 
urine of women long after the menopause, or 
long after castration, has been noted by many 
observers, but the explanation for this is not 
yet clear. While some believe that the post- 
menopausal estrogens are chemical metabo- 
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lites of sterol substances, it seems more likely 
that they may be produced by other endocrine 
glands, such as the adrenal cortex. 

It must not be supposed that all menopau- 
sal women require medical management, for 
this is far from the case. In this connection 
two general statements may be made, namely: 
(1) In only a minority of women are meno- 
pausal symptoms sufficiently disturbing to im- 
pel patients to seek medical treatment, and 
(2) many symptoms are wrongly attributed to 
the climacteric, sometimes for no reason than 
that they occur in the fifth decade of life. The 
first of these statements can be easily substan- 
tiated by questioning any large series of women 
who have passed through the menopause. 

With reference to the second generalization, 
it should be emphasized that the only symp- 
toms clearly due to the endocrine. readjust- 
ment of the climacteric are the vasomotor 
group, i.e. the flushes, sweats, and hot flashes. 
This is not to say that no other symptoms can 
be of endocrine causation, but the latter is 
difficult to establish in the case of such symp- 
toms as headache, irritability, emotional in- 
stability, insomnia, and many others which 
are often considered menopausal but which 
are common in many functional nervous dis- 
orders. They are often purely secondary to 
the apprehensiveness and general disturbance 
produced by the more characteristic vaso- 
motor phenomena. At any rate, the latter are 
more nearly objective than any of the others, 
and they must therefore serve as the chief 
criterion in evaluating the results of treatment. 

On the other hand, any one who treats 
menopausal women in a coldly objective way, 
and without considering the entire physical 
and psychic background of the patient, will 
fall far short of the requirements in many 
cases. Organotherapy is only a part, and often 
a negligible part of the management of meno- 
pausal women. 
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The fact remains, however, that a certain 
proportion of women suffer with severe vaso- 
motor symptoms for a variable and unpredict- 
able time, and that the lot of these women can 
be made much easier by intelligent organo- 
therapy. Whereas formerly there was much 
difference of opinion among clinicians as to the 
efficacy of hormone treatment, opinion is now 
unanimous that it is of genuine value. In fact, 
organotherapy for menopausal symptoms is 
looked upon as one of the more satisfactory 
applications of endocrine knowledge in the 
field of gynecological practice. 

We have advanced far since the early daysof 
ovarian therapy, when tablets or capsules of 
ovarian extract, corpus luteum, and ovarian 
residue constituted our therapeutic armamen- 
tarium. Looking back at this epoch, we know 
that all these older preparations were entirely 
or almost entirely inert. Now we have avail- 
able physiologically effective preparations of 
both ovarian hormones; we know the exact 
chemical composition of these hormones, and 
they can be prepared in crystalline form, even 
synthetically. There is no longer any excuse 
for the employment of the older inert prepara- 
tions, though they are still manufactured and 
sold in considerable quantities. 

One disadvantage of endocrine therapy in 
menopausal as well as other gynecological 
conditions has been that of the relative expen- 
siveness of these products. There has been, 
therefore, much recent interest in the so called 
stilbene derivatives, the best known prepara- 
tion being stilboestrol. These substances are 
chemically not related at all to the natural 
hormones, but it seems generally agreed that 
they are as estrogenic as the hormones them- 
selves, and as effective as the latter in such 


clinical indications as the menopausal syn- 
drome. They are not yet available commer- 
cially, because there is still some doubt as to 
the question of their toxicity. 

There have been many reports of nausea 
and vomiting from their use, although, in 
moderate dosage, I have noted these symptoms 
in only a comparatively small portion of 
patients. The great advantage of these sub- 
stances, aside from expense, is the fact that 
they are very efficacious by the oral route. It 
seems highly probable that biochemists will be 
able to eliminate the factor of possible toxic- 
ity, and that substances of this general group 
will come to play an important part in the 
future treatment of menopausal symptoms. 

Finally, one frequently hears the question 
raised as to whether estrogenic treatment may 
not carry with it some danger of promoting 
the development of cancer. This fear is based 
upon the demonstrated relationship between 
estrogenic and carcinogenic substances, and 
upon the fact that in some experimental ani- 
mals it has been possible to produce cancer- 
like processes in such organs as the breast and 
uterus by very large estrogenic dosage. There 
is, however, no clinical evidence to substan- 
tiate this fear, and even huge doses of estrogen 
given for considerable periods of time have 
appeared to produce no noteworthy perma- 
nent effects. Moreover, it must be remembered 
that the doses used in the experimental pro- 
duction of cancer in animals were many times 
as great as, in the human scale, would ever be 
used for therapeutic purposes. It seems safe 
to say, therefore, that in the use of estrogens 
in the doses commonly employed, the fear of 
promoting cancer development may be dis- 
regarded. Emiz Novak. 
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REVIEWS OF NEW BOOKS 


ISCUSSIONS of the problems of electrosur- 
D gery with reference to its indications and 

operative technique have often appeared here- 
tofore in so fragmentary and disorganized a manner 
that one must regard the book, Clinical Electrosur- 
zery,' as a timely contribution because it attempts 
to organize and classify this relatively new phase of 
general surgery. According to the author, electro- 
surgery should be regarded as an essential and under 
certain conditions indispensable part of general and 
special surgery, but no more than that. The book 
aims at summarizing the facts which may be accepted 
as proved in the present stage of our knowledge of 
this particular field. The task of epitomizing this 
subject in one volume is a difficult assignment and 
the author is to be congratulated on the degree to 
which he has fulfilled his purpose. 

As this volume is limited to the exposition of basic 
principles and essentials, the author should have en- 
deavored to present a more complete bibliography 
as a complement to his text. In spite of his state- 
ment that no attempt has been made to include 
everything that has appeared in the literature, the 
critical student of this subject would welcome added 
information by collateral reading, the sources of 
which might have been given in greater detail. Thus, 
in the chapter devoted to operations on the female 
pelvis the author has restricted the bibliography to 
but 5 references, 3 of which date back 30 years. 
However, it should be pointed out that these are 
first and original contributions revealing an intensive 
search into original sources. 

The book is divided into 2 parts the first of which 
is devoted to a general consideration of a theoretical 
and technical nature. The second part presents 
electrosurgical operations proper. As surgical judg- 
ment and experience are of paramount importance, 
the work stresses that the surgeon must have 
mastered thoroughly the special fields before he at- 
tempts to perform operations by means of electro- 
surgery. It is readily appreciated that a single vol- 
ume covering the general and special fields of electro- 
surgery must of necessity be restricted to a text that 
is terse and somewhat sketchy, a framework which 
may not fully satisfy the surgeon who wishes to pre- 
pare himself for actual clinical work. Nevertheless, 
the contents are sufficiently informative and lucid to 
consider it a timely contribution because it presents 
not only advantages but also limitations of this spe- 
cial method of surgery. Joun S. Coutter. 


ICLINICAL ELEcTROSURGERY. By Gustavus M. 


Blech, G.C.S., 
G.C.G., M.D., LL.D. With chapters by Hector Alfred Colwell, M.B., 
Ph.D., D.P.H., L.R.C.P., M.R.C.S., and Brian Wellington Windeyer, 
a .S., D.M.R.E. London, New York, Toronto: Oxford University 
ress, 1938. 
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TOGRAPHIES are frequently dull things, per- 
tain so often to isolated and unreal interests 
and characters, and are so replete with listless pages 
that one skims the surface or puts the book down in 
despair. None of these things are true of Fischer’s 
William B. Wherry; Bacteriologist.! It is alive with 
interest on every page. It is in fact two biographies 
in one; one intermingles with the other. It is the 
picture of a man, born and tutored in a strict re- 
ligious environment, who reached eminence in his 
chosen field, coupled with the smaller portrait of a 
family restricted financially yet spurred back and 
forth between India and the United States by the 
conviction of divine guidance and help in their 
missionary endeavors. 

Much of the book consists of letters from the sub- 
ject himself, which makes the picture more clear 
and thestory more real. Included are the first letters 
he wrote at age of 13 while in the country, those 
from Washington and Jefferson in which his chief 
concern seemed to be the fact that he was draining 
the already depleted family purse, and later those 
from Rush Medical College, where he was thrown 
with some of the great teachers and research men of 
the time, and the thoroughness of their influence is 
clearly shown throughout his life. There, too, he 
was taught by Herrick, Billings, Sippy, Fenger, 
Senn, and many others. 

However, the man who influenced him most and 
whose opinion and approval he sought through the 
years was Hektoen into whose laboratory he gained 
admittance, where “‘weak men and the preternatu- 
rally bright died on Hektoen’s treadmill. It left men 
like Wherry to be put upon ‘problems.’” After 
receiving his medical degree in 1901 he spent a busy 
year and a half at the University of Chicago as 
assistant to Jordan in bacteriology. In 1902, he was 
appointed bacteriologist to the embryo government 
laboratory in Manila, and the reports published by 
him during that time are evidence that he was fast 
acquiring the mind of a true scientist. His publica- 
tions were of a diversified nature such as ‘Hand 
Infection” and “Bacterium Mallei,” but he wrote 
more particularly on the plague which was to engage 
his interest for many years. From Manila he jour- 
neyed to India to visit his parents and then back to 
the United States where his never-failing friend 
Hektoen found a place for him in Anaconda, a field 
ripe for research and public health measures both of 
which profited by Wherry’s activities. 

The Oakland College of Medicine claimed him 
next as professor of parasitology and shortly after 


'WitiraM B. WHerRy; BacterroLocist. By Martin Fischer. Spring- 
field, Ill., and Baltimore, Md.: Charles C. Thomas, 1938. 
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the reappearance of the plague in that area caused 
him to be invited as bacteriologist to San Francisco’s 
health board, and the following year he was ap- 
pointed as temporary acting assistant surgeon in the 
United States Public Health and Marine Hospital 
Service for duty in Oakland. It was there that his 
discovery of the plague in ground squirrels brought 
him prominence. In 1909, he accepted the assistant 
professorship of bacteriology, with time stipulated 
for research, in the reorganized Ohio-Miami Medical 
College of the University of Cincinnati. Immediately 
and continuously he played a conspicuous part in 
the building up of this institution which was to be 
the center of his activities for the remainder of his 
rich and productive life which was terminated by 


death in 1936. Noteworthy were his investigations 
on the action of emetine, the acid-fast bacteria, 
tularemia, the cultivation of organisms under gas 
tensions, vaccines, and immunity. The biography 
contains a list of Wherry’s publications. 

Wherry’s position in science is due to real merit 
and not to self-promotion. It is clear he loved his 
science, not for science alone but fully as much for 
what science might do for mankind. This admirable 
character has been lovingly and understandingly 
portrayed by his friend and colleague, Martin 
Fischer. The volume, issued in de luxe format, is a 
fine example of the art of bookmaking and a fitting 
frame for a fine and accomplished man. 

ALEXANDER A. Day. 
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